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PREFACE 

This and the subsequent volume have been compiled 
expressly for the benefit of those mechanics whose duty 
it is to attend to the fitting, erection, and testing of 
internal combustion engines, steam engines, and steam 
turbines. The present volume deals with petrol engine 
and gas engine fitting and assembly. Preliminary to 
considering actual fitting and erection operations it has 
been deemed advisable to offer to the reader some useful 
matter on the subject of bearmgs which, of course, are 
of primary importance in connection with all engine 
work. 

In Section XXX he wiU find a very complete treat- 
ment of plain bearings in which every conceivable type 
is touched on. Bearings for marme purposes, auto- 
mobile work, stationary engines, locomotives, and the 
numerous other purposes are all dealt TOth. The author 
also dWs with oil-less bushes, such as are used in 
watches, magnetos, and other dehcate precision instru- 
ments. Bearing construction, mounting and fitting are 
aU clearly described, and the lubrication of each type, 
needless to say, receives the thorough treatment which 
is deserved. Various types of oil pumps and indicators 
are discussed, and the recognized systems of oil grooves 
explained. 

Ball and roller bearings are the subject matter of 
Section XXXI. These bearmgs, which are used where 
loading and speeds are high and where the elimination 
of friction is of paramount importance, are very fuUy 
described and illustrated. The fundamental difference 
between plain bearings and ball or roller bearings, i.e. 
the substitution of rolling fnction for sliding friction 
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iorms the essence of the author’s introductory remarks 
He thereafter proceeds to describe the principles 
construction, and mounting of the Hoffmann, Skefkc 
Hyatt, and Timken bearings, and to detail their variou 
apphcations. 

Major Garrard, an authority on internal combustio 
engines, m the two final sections in this volume, present 
in a most interesting and lucid manner the frmts of hi 
experience and knowledge of the fitting and erectio 
of mternal combustion engines — ^petrol and gas engineg 
These sections are very well illustrated by clear sketche 
and diagrams 

Valve grinding, valve and ignition timing, piston rin 
lapping, bearings and their alignment, working cleai 
ances, joint making, and lubrication are all in tur 
discussed, and emphasis laid upon the chief thmgs to b 
noticed and attended to by the mechanic during th 
course of erection The author also deals briefly wit 
the matter of engine foundations. 

On the petrol engine section, which doubtless wi 
prove decidedly valuable, the four-stroke engine alon 
IS considered. This is excusable, since little difierenc 
exists between the fittmg and assembly of the two types 
except that in the case of the two-stroke the operation 
are rendered vastly more simple due to the entir 
absence of comphoated valve gear. The two-strok 
engine, it should be remembered, is used mainly fc 
hght-weight motor-cycles and for small stationar 
purposes. 

The reasons given above, we think, justify th 
omission of special reference to this type of engine i 
the work. 

The testing of I.C. engines is dealt with in anothe 
volume. 
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SECTION XXX 


PLAIN BEARINGS : 

TYPES AND FITTING 

INTRODUCTION 

BEAumas are the most important parts of any maohine, 
as upon their behaviour depends the efficiency, and also 
the output, of the machine. They act as contacts be- 
tween the main frame and all the moving parts, and 
transmit rotating, shdmg, and revolving motions. 
Whatever machine is designed, whether its function 
IS for turmng or machining metals, weaving, bakmg, 
transport on land, sea, and air, or road-making, bear- 
ings of one kind or another are necessary There are 
many bearings on each machine, and if one breaks down 
under service, the whole machine must stop. Bearings 
are also the parts of the machine which bear the 
friction, and a designer aims to cut this down to a 
minimum undue loss of strength. All machines or 
engmes transfer energy from one place to another, and 
if the bearings are correctly designed the loss of power 
which is wasted by friction is not excessive. Everyone 
knows what beanngs are, but the practical side of 
their uses and fitting is the least understood of aU 
mechanical subjects. Again, most people know that a 
bearing reqmres a lubricant, but that is as far as 
general knowledge goes, therefore the author wishes 
to explain and illustrate the many varieties of beanngs, 
and ^so their methods of lubrication and fitting. 

FRICTION 

Friction tends to stop the parts which we require 
to move, and the force extended in moving them 



1620 


WORKSHOP PRACTICE 


generates heat. This friction is very useful at times ; fo 
instance, it is used to drive transport, such as the wheel 
of railway engines and motor-cars, aU of which depen< 
upon the friction between wheels and the rail or road 



Fig 1. E3CPJ33IUMHNT TO DhMONSTHA-TE how Bodihs 
WITH PUBFEOTLY CleA-TST AlU) SMOOTH SlTHTAOH 

Stick Together by eSeuotion 


Again, there are clutohes and also belts for tran 
mittmg -drives, but Tvhere bearings are concerned v 
want to cut down the friction. Solids tend to stic 
together if the contracting surfaces are dead smooi 
and free from any irregularities, owing to the fact th) 
atmospheric pressure (14 lb. to the sq. in.) plays r 
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role between the two bodies, and thus the friction be- 
comes very great when the bodies slide relatively to 
one another, and this is demonstrated in Fig. 1, where 
sohd pieces of steel are supported only by friction, 
due to their surfaces being flat and clean. With bear- 
ings whose surfaces also have to be quite smooth, the 



Fig. 2. Cooling Fins on the Oil Sump 
OP A Petrol Engine 


same thmg holds good, and this is the reason for a 
lubricant, which acts as a layer between the surfaces 
and stops them from seizing. There is stiU a certain 
amount of friction and, therefore, heat generated, and, 
if excessive, the heat must be carried away by the 
lubricant and then the lubricant cooled. Fig. 2 illus- 
trates the cooling fins on an oil sump of a petrol engine. 
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Not only must a bearing run cool, bu'b must 

wear rapidly. 


JOJJBNAL BEARING 

Of the many types of bearings, the ^Vell ^ ^ 

and used is the journal bearing, Fig. 3, Which 't 

load acts at right angles to the axis of th^ ^[pindle. 


0i rechon of loaa 



3. Seotion-ai. Bbawing oe* 
JOTJSNAL BBABINa 


THRUST BEARINGS 

In thrust bearings the load acts parallel t>o the - 

as illustrated m Fig. 4, where it is used irt ootijunot-i< 
with a journal bearing. The two steel wasb-^rs take a 
of the end thrust. If a spindle requires to oa^rry a Ic ^ I 
and also take a thrust, a conical bearing ooxxld be iiKt i 
which would take care of both loads, bti-b -the frici-i < 
is excessive, and usually separate journals a^nd thx"H>-»t 
bearings are fitted. When the sh^t or s^pindle in iit 
the vertical position, as in Fig. 6, the beeuring is glv< *ii 
the name of Footstep bearing. These ar© fitted wit li 
single or multiple thrust washers, according -fco the It I 
to be carried. There are also many types of bearing 
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which, only tsiko a sliding motion, such as tho bcanng 
on the ram of a press (Pig. 7), the bores of cylinders 
and various shding ways. Eloating bushes are fitted 
where the housing and shaft are of suitable material. 
In these bushes, the fits of both the outside and the 




Direction of' had. 



Fig 4. A Typioai, Thbttst Bearing 


bore allow running clearance, but end pieces must be 
fitted to locate the bush. 

On most machines it is necessary to transmit motion 
to slides, and this is usually accomphshed by a screw 
and nut mechamsm. In this case the nut is an 
important bearing, and one which is often overlooked. 
The usual material is bronze, but some are made 
by casting a white motal nut, using the screw as a 
mandrel. 
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SOLID AND ADJUSTABLE BEARINGS 

A11 of the bearings mentioned are again divided int 
sohd and adjustable types, though it is now general! 



I 

Fia. 6. Section of Footstep Bbabing 


recognized that sohd bearings are obsolete, except j 
special cases. A sohd type, such as Fig 8, is sati 
factory as long as slight play does not affect the uj 
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of the machine, but when wear takes place, a new bear- 
ing is necessary With adjustable bearings (Figs. 9 and 
10), if play develops, it can soon be taken up by remov- 
ing metal from the faces of the split bush. Special 
bearings are also made in which there are four pieces, 



Fig 7 Beabing on Bam or Pbbss 


namely, top and bottom and side pieces, which can be 
adjusted by wedges 

SPLIT BEARINGS 

Another type of adjustable bearing is the tapered 
bush, and also the spht bush. A tapered bush is illus- 
trated in Figs. 11 and 12, and the adjustment is made 
by moving the bush endways, by means of screwed 
collars. Being spht, the housing compresses the bush 
as it is forced farther in. Fig. 12 will show the reader 
how this adjustment is performed. 



Fio. 10 Braiunqs and Spindle or Lathe Headstook 


p 
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LATHE BEARINGS 

With lathes and other machine tools, the main bear- 
ings must be a good fit, and must also be capable of 
being kept in this condition, therefore adjustment must 
be available as, otherwise, the play in the spindle 



Fio 11 Adjustable Tapee Bearing 


would not allow accurate work to be produced. As 
wiU be seen from Fig. 13, the main bearings are split 
so that play can be taken up. The bottom half of the 
brass rests in the headstock and is, of course, pegged 
to prevent rotation, while the top half is held down by 
a cap through which the lubricant is supphed Another 
headstock bearing is shown in Figs. 14 and 15, the 
bearing material in this case being white metal, and 
the thrust is taken on a thrust race fitted at the rear 
bearing. There are also the ways and beds of the 
machine, which are bearings where only shding action 
takes place, but, nevertheless, they require oil grooves 
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to distribute the oil, and also need provision to keep 
out turnings which would spoil the surface. 

Some of these shdes are extensive, as here the object 
is not to keep down friction so much as freedom from 
wear, and also stiffness to withstand the heavy cuts. 



Fig 14. Hbadstock Beabing 


Fig 17 shows one good method of fitting small loose 
pieces in front of aJd these surfaces, which hold a felt 
washer so that oil is kept in, and, a more important 
point, dirt and foreign matter kept out 

SHAFTING BEARINGS (JOURNALS) 

Although line shafting bearings now consist of either 
the ball or roller type, there is hardly a factory m which 
some of the shafting and most of the countershafts 
are not of the plain type. With shafting it is impor- 
tant that the various bearings are in line, and, to 
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facilitate this, they are adjustable in the hangars, 
either by screwed pins or other kinds of spherical 
mounting, all of which will be lUustrated. 

The methods of lubrication are usually by means of 
ring oilers, in which a slot is cut in the top of the bear- 
ing, and a loose ring shpped into this slot. As the shaft 



Fig. 17. Slide with Pkotective Shield and Feltwashehs 


revolves it turns the ring, the lower hali of which dips 
in an oil bath and carries the oil up to the surface of 
the bearing. By viewing Fig. 8, and also the bearings 
in Figs. 18 and 19, the reader wiU thoroughly grasp 
this method. 

In another type, instead of a loose ring, a collar is 
joined on the shaft which lifts the oil in a similar 
manner. This, of course, is more certain than a ring, 
and wiU operate at any speed Ring oiling is not satis- 
factory at very high speeds as shp occurs, and this is 
also hunted by the diameter of the shaft When once 
the reservoirs are filled, the bearings will run for months 
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without attentioiij although this would not be necee 
sary, as the oiler, or millwright, would attend to thi 

regulaxly. The hanga 
in Fig. 18 has an o 
level m the form of 
glass tube fitted, s 
that a correct supply i 
always available. Th 
top oil groove and th 
oihng rings can also b 
seen. The bearing i 
adjustable for heigt 
by means of the top an 
bottom support armi 
which are screwed an 
fitted with a lockin 
screw. The bearing ca 
also pivot around th 
supports so that aligi 
ment is fairly easy. The hangar fitted to the countei 
shaft in Fig. 20 is mounted in spherical pads, whic 



Fig 10 . Motor Bearing, White Metal Loned 




Fig. 20. Hanger with Spherical 
Seating and Oil Catcher 



Fig. 21. Sibiple Plihiooir Block, ELanx» Oiled 


105- (5515) 
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guajcantees that the shaft is not bound in any way. 
and ensures longer life to the bearings. 

On elaborate and heavy shafting of large diameter 
small separate pumps are used, driven from the shaft- 
ing to supply the lubricant and ensure a perfect supply. 
In other special cases, the bearing itself is water-cooled 



Fig. 22. Plummer Blook, Ring On.TCP 


by means of inserted pipes through which a flow oi 
water is maintained. 

The details of standard plummer blocks (Fig. 21) are 
sometimes similar to hangars and the brasses arc 
pegged in, or in older types the outside section of the 
brasses are square, hexagon, or octagon, and fit intc 
correspondingly shaped housings. Where white meta 
bearings are used they should be held securely in the 
housings, either by pegging, grooving, or serratmg 
The oihng arrangement in Fig. 21 is only by hand, bui 
the one in Fig. 22 is ring oiled. Notice the two hexagoi 
plugs on the bottom half, one at the side for the oi 
level, and the one at the base for draioang purposes. 

STEP BEARINGS 

With shafting and hangars, there is hardly any thrus 
to trouble about, but if the shaft is vertical, there ii 
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he weight of the shafting and the pulleys to support, 
n the simpler type of step bearing, a pair of thrust 
rashers are used, one fixed to the end of the shaft and 



Figs. 23 anu 24 . Single and Multi-washeb Footstep 
Beabings 
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the other fixed in the bearing housing. In a more 
important case, a number of discs are used, and the 
discs are alternately hardened steel and bronze, the end 
ones being fixed as before. 

COLLAR TYPE BEARINGS 

With a shaft of large diameter, a step bearing is 
unsatisfactory, as the velocities and, therefore, the 
wear varies at different points. Eor instance, imagine 
a shaft nearly 12 in. diameter, the velocity, say, at 
200 revs, per min. would vary from ml at the centre 
of the shaft to 300 ft. per min. half way, and 600 ft. 
per min. at the outside diameter. The larger part of 
the centre is therefore cut away and only an outer ring 
used, but a much better way is to use a collar type 
bearing. As shown diagrammatically, a number of 
collars are turned on the shaft, and these bear up 
against similar pieces m the box, in this way the extra 
bearing is obtained, not by a larger diameter, but by 
increasing the number of bearing surfaces. 

Vertical bearmgs such as used on water turbines, 
pumps, and vertical generators are the most difficult 
to lubricate, as the oil runs away by gravitation. The 
best means to use, therefore, is an oil groove cut either 
right or left hand according to the rotation of the 
shaft, which when revolved will act on the principle 
of an archimedean screw, and carry the oil up the shaft 
to the bearing. 

MACHINE TOOL BEARINGS 

On precision machines, and especially grinding 
machines, great care must be taken to ensure that no 
dust or fine abrasive can obtain access to the bearings, 
as otherwise wear and the consequent bad finish 
inaccurate work, and also chatter marks will be pro- 
duced. With internal grinding machines, the spindles 
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have to run at extremely high speed, and therefore 
Bed careful adjustment. The bearings are usually 
ipered, and also screwed each end for adjusting rings. 



Fig 26 Adjustable Tapes Beasing 



Fig 27. Spindle 'wtth Two Adjustable Taper Bearings 


he taper is used for adjusting the size of the hole, as 
le bearing is forced in and out of the housing by means 
E the screwed rings at either end. A bearing with the 
ngs on is shown in Fig. 26, and a complete dismantled 
Dindle in Pig. 27. As will be seen, there is a taper at 
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both ends of the spindle, and a pair of adjustable bear- 
ings are fitted. These are screwed into the housing 
until aU end-play is removed, and only running clear- 
ance allowed. With taper bearings as described, the 
thrust is not taken by the taper which would cause it 
to bind, but by a separate thrust washer ; the taper is 



Fig. 28 Speoiai Machine with Bolleb BEAHiNas 


only for adjusting running clearance, instead of having 
to stnp down and file faces as in the standard two-piece 
type of bearing. Whatever machine or engine is used, 
it should be kept as clean as possible as there is less 
chance of foreign matter getting to the bearing or in 
the lubricant. In Fig 28 a special machine is shown 
in which roller bearings are used throughout, except 
for the slides, which are supphed with a greaser and 
also felts to protect the surfaces. On the drilling 
machine spindle which only has vertical movement, a 
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jin bearing is used, but is split so that all play 
a be taken up. This is also the case with the press 
Lndle which is of square section. Notice the means 



Fig. 29. Dbillino Maohinb with Split BEAiuNa 


adjustment with the two bolts puUmg up against the 
d of the adj‘usting pin. 

Although beanngs are usually split across the centre, 
is is often only because of econonucal production. 
L Fig. 31, the main bearings for a compressor are 
ustrated, and it will be noticed that the splitting is 







Fig. 30 Piu3aa with Squahe Section Beahing 
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at an angle or at the point of least pressure. The draw- 
ings (Fig. 32) indicate the line of pressure, and how the 
splitting of bearings should take place. Neither is it 
necessary to have a complete bearing. For instance, in 
locomotive wagon axles and also such household things 
as mangles, only half bearings are used as the pressure 
is only one way, and the other half if fitted would only 
be waste metal. A mangle bearing is illustrated in. 



Fia. 34 . Drawing of Looomotivk Wagon Axle Beabing 


Fig, 33, and Fig. 34 is a hne drawing of a bearing as 
fitted to locomotive wagons. 

The bearing only fits on the top half, and the bottom 
half has an oiling pad held in contact by a spring. 
Other tsrpes are lubrication by means of cotton waste 
and grease. The journal of the axles are rolled to obtain 
a good finish. A plain roller is mounted in the tool-box 
of the lathe and forced against the journal, which 
slightly compresses the metal and produces a hard sur- 
face. Knife edges ore another type of bearing, although 
in an entirely different class. They are much used on 
weighing and balancing machines, where the least 
possible amount of friction can be allowed. 

AUTOMOBILE BEARINGS 

In motor-cars we have the mam engine bearings of 
the journal type, gudgeon pin bearings which only have 
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intermittent action, and cylinder bores ■wiiicb have 
sliding action only. The materials vary also, white 
metal for main bearings, phosphor bronze for gudgeon 
pins, cast iron for cylinder bores, oilless bushes for 



Fig 36 . Axle Beabing on Locomotive Wagon 


hackles, stainless steel for such parts as brake cam- 
hafts, wood bushes for shock absorbers, and fibre 
)ushes for contact-breaker pivots. Where a small 
mount of wear only takes place, solid one-piece 
)ushes are used, but often these have to be spht so 
hat the parts can be assembled. The big end and 
aain crank journals are mostly of white metal m a 
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noticed that the oil distributing grooves are in the top 
haM of main beanngs, and in the bottom half of the 
connecting rod bearings. This is in accordance with 
the idea that oil feeding grooves should be at point of 
least pressure. When the engine is driving the car, the 
load is delivered by the connecting rod being forced 



Fig 38 Undbbnuath View of Enghstb Showing 
Ceankshaft Assembly 


down, and this in turn transmits the power to the 
crank, therefore the pressure is on the top half of the 
rod and the bottom half of the main bearings. A 
general view of main bearings, and also the connecting 
rod bearings, is given in Pig 38 It is the underside of 
a 12 h.p. engine. The mam bearings are very strongly 
webbed, and also have steel straps to strengthen further 
the case. 

Although the gudgeon pm bearing in racing engines 
IS force fed, the majority rely upon splash feed, or use 
a scraper ring, which removes surplus oil from the 
cylinder waU and delivers it to the beanng. 
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BALANCE OP REVOLVING PARTS 

As engines now run at very Mgh speeds, it is neces- 
sary to balance the rotating parts so as to ease the 



Fia 41 Shcwinq MAJcanrivt Gsavitationai, 
Movement of Connecting Rod 


work of the bearings. The reciprocating parts, such as 
pistons and connecting rods, are also balanced, all of 
which tends to produce a smoother running engine. 
The illustrations opposite show how the small end of the 
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rod is finisked to size, and also the oil grooves broached. 
When broaching the hole, the last few teeth on the 
tool do not cut but only burnish. They are of round 
section and slightly compress the metal, giving it a 
hard surface which wiU resist wear, and also impart 
a good finish. The broaching is done on a small hand 
press as only a light force is required. The fitting of 
bearings will be considered in a further chapter, but 



Fig. 42 Grout op White Metal Die-cast Bearings 


the illustration (Pig. 41) shows the movement allowed 
for a connecting rod to swing by gravitation. If 
properly fitted, run in, and, of course, lubricated, the 
rod by its own weight should fall from the top to the 
bottom position, where it is shown as a ghost outhne 
Pig. 42 shows a few beonngs which are die castings of 
white metal without any shells of gunmetals. They 
are perfectly satisfactory as long as there is no pound- 
ing on the bearing, but they cannot carry heavy loads 
as the white metal will spread. 

BEARINGS USED ON SHIPS 
AND TURBINES 

The engine and driving mechanism of ships are a 
study in themselves There are the usual types of 
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bearings in the engines, but the bearings for the pro- 
peller shaft to take the load and also the thpist are 
exceptional. In the old ships the bushes in the stem 



Fig 43. Ship’s Pbopblleb Shapt BEAsiNa 


iibe were made of a wood (lignum-vitae), as it was 
1 contact with the water, and this was the best material 
len known. The water on lignum-vitae acts as a 
ibricant, and bemg a hard wood it was satisfactory, 
his material is now superseded by metai, and special 
rrangements made for lubrication. On small boats 
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there is the stajidard type of greaser as shown in 
Pig. 43j hut in large vessels the lubrication is carried 
out by pumps, and the apparatus is accessible from 
inside the ship. Lignum- vitae is still used on hydraulic 
machines, pumps, and vertical turbines. Fig. 44 illus- 
trates a large journal bearing used on a ship. It is 



Fig 44. View of Laegs JoubnaIj Beasino 


over 12 in. m diameter, and, of course, the material is 
gunmetal hned with white metal The bearing is in 
the cap, and it will also be noticed that the oil delivery 
groove is at the side, this being the point of least pres- 
sure, and connected up to the oil supply channel. 
With important bearings a safety stnp of bronze is 
put shghtly below the surface, which would support the 
spindle in case of the white metal running. The bearings 
of turbines are often provided with spherical seatings 
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THRUST BEARINGS 

Owing to the enormous thrust from the propeller, 
pecial attention has to be given to the bearings to take 
his load. Single thrusts are useless, and the collar type 
v^as the recogmzed medium, being brought to a high 
tandard for this kind of work. The collars were made 
n separate halves and inserted into the shaft, which 
llowed special hardened material to be used, and the 
)earing pieces were all made adjustable so that each 



»//■ escapes at thin 
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Fia 46. Diagram Showing Wedge-shaped Oil Film 


Dok its share of the load The standard type was of a 
orseshoe shape, so that any single thrust could be 
iken out for inspection. In another t 3 ^e of collar 
earing, thrust was provided for forward and reverse, 
le top half of the bearing acted forward, and the 
ottom half reverse. These could be adjusted so that 
lere was no play in the spindle. The greatest trouble 
as heating due to bad lubrication. 

mCHELL BEARINGS 

Of recent years, a great advance in the design of 
3arings and lubricating has been made by the intro- 
iction of the “ MicheU ” beanng. As will be dis- 
issed in further paragraphs, a shaft in a bearing does 
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not run concentric, as the oil film spreads and forms a 
taper wedge, commencing at the pomt of least pressure 
and gradually tapering ofi as shown in the drawing, Pig. 
46. The Michell bearing takes advantage of this fact, 
known as Reynolds’ theory, and consists of pads which 
are pivoted, so that they can swing over and allow the oil 
film to form the taper wedge. The pads are of approxi- 
mately square section, but they are modified to suit 



Fig. 46. Migheli. Thrust Bearing Pads 


different conditions; for instance, the large pads in 
Pig. 46, each about 12 in. across, are for taking a thrust, 
and shaped accordingly to suit the flange. One is 
placed face downwards so that the spherical seat can 
be seen which allows the swivelling motion. There is 
no necessity for oil grooves of any description, in fact, 
they would be a disadvantage owing to upsetting the 
oil film. The Michell bearings are designed for use 
either as journal or thrust bearings. To show the great 
advance made, a few figures will be given. With a collar 
type of bearing only a bearing pressure of 601b. per 
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sq. int. could he satisfactopily used, iut mth the advent 
of Miohell bearings, 600 lb. per sq. in. at speeds up to 
100 ft. per sec. is standard, and tests have been carried 
out in which a pressure of 3000 lb. per sq. in. has been 
sustained for continued periods, and even loads of 
5 tons per sq. in. have been imposed without failure. 



Fig. 47 Michell Thrust BBARma fob Turbines 


A complete assembly of a Michell bearing as applied 
jO a turbine rotor, showing the thrust pads in position 
ind a loose one above, is given m Pig. 47. In use the 
rearing runs in an oil bath, and is attached to the frame 
)t the turbine. 

Another advantage is that, due to their compact 
lesign, the length of the machines can be cut down 
jonsiderably. 
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LUBRICANTS 

There are hundreds of difiEerent oils for lubricating 
purposes on the market, but they can nearly aU be 
divided into a few divisions, namely, mineral oils, 
vegetable oils, animal oils, and compounds, the terms 
giving the source of the products. Mineral oils are 
derived from such typical substances as oil shales, and 
are supphed from the distillation of crude petroleum 
and vegetable oils, being obtained from plants such as 
the castor oil and olive oil. The animal oils are well 
known under such names as sperm oil from the whale, 
and neatsf oot oil from the feet of beasts . The compound 
oils are a mixture of any of those already mentioned. 
Owing to the huge demand for petrol, it follows that the 
bulk of oil belongs to the class known as mineral oil. 
There are other lubricants, such as graphite and grease, 
and also water, which is a lubricant for lignum-vitae. 
The lubricants have differing physical properties which 
are useful for special cases One of the most important 
properties is viscosity, or (a simpler, even if not quite 
correct, term) thickness. Water or paraffin has a low 
viscosity, and oils, grease and treacle have higher 
figures. The greater the viscosity, the greater the 
carrying load can be, as it is harder to squeeze the 
thicker lubricant out, but it must also be remembered 
that it will lower the speed. A rough rule is that the 
larger the bearing the heavier should be the oil, and 
that as the speed increases, so should a thinner oil be 
used. The light oils should only be used with a light 
unit beanng pressure With any new machine, the oil 
should be changed after a short time, as it becomes 
contaminated with the sand, etc., which cannot all be 
removed from the castings. With machines which are 
affected by the weather, such as motor-cars and cycles, 
it follows that during the winter a different oil is often 
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necessary. The vanous makers usually specify the type 
in their instruction manuals, and these should be care- 
fully studied. Another rule is, never mix oils, as when 
different oils are mixed a sludge or deposit is likely to 
occur and foul the complete machine, or in any case 
will produce hot bearings. In some compressors rub- 
ber packings are used, and as mineral oil destroys 
rubber, the lubricant which should be used is glycerine. 
Lubricants need not be in liquid form, as besides thick 
grease, there are still graphite, talc, etc., which although 
often mixed with a liquid are, however, sometimes used 
quite dry m powder form. Examples are lace-making 
machines, chocolate machines, etc., and the powder is 
either dusted on or syringed into the bearing. Graphite 
in an extremely fine condition and mixed with oil is a 
good lubricant, and imparts a fine finish to bearmgs. 
It has been found that ii two unlubricated surfaces are 
moved, the amount of force required is proportional 
to the weight of the load acting on them, but if the 
surfaces are correctly lubricated, the amount of force 
is very greatly reduced, so that much heavier loads can 
be carried ; in fact, the limit is the viscosity of the 
lubricant. The action of the lubricant can be hkened 
to that of ball bearings, the atoms of the oil sliding 
over each other and not allowing metallic contact. 
When bearings seize, the reason is because of metalhc 
contact due to the breaking of the oil film ; in fact, if 
a perfect film of oil could be guaranteed in the bearing, 
the material of the bearing would not matter. The 
oil film does not always work, although this is the object 
aimed for, and another property called oiliness comes 
mto play. It has been noticed that with two different 
oils having similar properties, one was more satisfac- 
tory as it appeared to coat the surfaces where the other 
failed ; in fact, this is a great feature with the castor 
oil. 
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Fio. 49 . Geah Type Oil Pump with Cover Removed 





Fig. 60 . Testing Stand for Oil Pumps 
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LOW AND HIGH PRESSURE SYSTEMS 

The lubricant is sometimes fed into the bearings by 
gravitation alone, but more often is pumped in under 
pressures, varying from a pound or two to hundreds of 
pounds per square inch, according to each special case. 
The lubricating of motor-cars has been specially studied, 
and every part of the engine details is automatically 
lubricated under pressure, and a few firms carry out 
a similar system with the complete chassis. Fig 48 
illustrates the main lubricating parts of a special engine. 
The oil is contained in the oil sump which has coohng 
fins cast on, and a pump is submerged in the oil so that 
no pressing is necessary. The lubncant is pumped up 
the pipe to the mam distributing pipe running the whole 
length of the engine, and from this is fed to the main 
crankshaft bearings, the camshaft bearings, timing 
gears, clutch spigot, and also to troughs into which the 
connecting rods dip and flmg the oil to the cylinder 
walls. With pressure systems an oil release valve is 
necessary, and it is usual to have this adjustable so 
that the oil pressure can be easily regulated. 

OIL PUMPS 

The gear pump is the type which is most used, and 
Fig. 49 gives an outside view, and also a view with the 
bottom cover removed to show the gear wheels. As 
the gears revolve, they suck the oil through the inlet 
pipe and deliver it to the opposite side, where it is 
forced up the outlet pipe. By fitting ball valves or 
similar apparatus, they can be made to operate in 
both directions. Backlash in the gears does not matter, 
m fact, a small amount is an asset, and a fairly high 
efiiciency is obtained. 

Fig 50 shows a test being carried out on a gear 
pump, where the following figures were obtained which 
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Fiq. 61 . PLtrNOBa Ttpd Oil Pomp 



Fia. 62 . Anotheb Veew op Plunobb Type Pomp 
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indicate the drop in pressure when the temperature is 
altered. At 50 degrees the pressure was 801b. per 
sq, in., but at 80 degrees the pressure dropped to 
201b. Two other types of pump are the rotary pump 
and plunger pump. Two views of a plunger type are 
shown in Figs. 61 and 52. In this case there are two 
plungers driven by eccentrics from the gear wheel. 
The front is the plunger proper, and the rear one acts 
as the valve, which thereby gives a pump with no 
valves, or loose balls to get out of order. 

Before leaving the question of lubricating, it is weU 
to point out the importance of oil strainers or filters. 
They should be fitted in all cases and should be acces- 
sible. With such parts as locomotive axles where cotton 
waste soaked in oil is used, this itseh feeds tho lubri- 
cant, and also excludes dust, dirt, and grit, but with 
force feed any dirt present is also forced to the bearing 
unless first removed by a filter. 

Undoubtedly, the perfect way to lubncate is to have 
a supply of oil entenng the bearing, so that the film 
IS not broken where the pressure is greatest. When 
this takes place the journal of the shaft will be eccen- 
tric to the bearing, the oil entering at the thick edge 
and leaving at the narrow edge, as explained in the 
chapter on Michell bearings. "V^ile we have not space 
to go into the question of oil purifiers and rectifiers, 
it is as well to point out that these are now being fitted 
to high grade motor-cars, and, undoubtedly, it is a 
step m the right direction. 

OILERS (HAND) 

The simplest and best known type of hand oiler is 
the oilcan, and there is not much variation in the oil 
cups except the size. Some are only receptacles, while 
others have a wick feed which filters the oil and only 
allows a small quantity as required. In Fig. 54 a 
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wick-feed type is illustrated. The wick is fed from th 
reservoir and passes through the cap, and then dowi 
over the bearing, which is only a half bearing. Th 
amount of lubricant is under control, as the cap can bi 
adjusted to press tightly on the wick which reduces th< 
supply. The standard type of oilcan, and also a com 
mon form of oiler, is shown in Fig. 53. There are manj 



t37pes, some with spring cap, shding cover, etc Another 
device is the felt pad which will hold a supply of oil, 
and feeds it on to the bearing. A useful type of oiler 
for small work is the spring-well, m which the inlet is 
kept closed by a ball and sprmg until the oilcan spout 
IS forced in. 


OILERS (MECHANICAL) 

Under the class of mechamcal oilers come pumps, 
etc., which we have already discussed, and also such 
things as oiling rollers. The ways of machine tables 
must be lubricated, especially in such cases as planers 
and grinders which are in use continuously. This is 
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Pig 66. Oelino Rollers on Gbindino Machine 





Fig. 66, Oiling Rollers on Planing Machine 
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Fiq. 67. Standaud Type Gbbash Cot 



Fio. 68. OsEAsnra by Meaits of Gbeasb Gun' 
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done by rollers, and two figures show how these are 
sunk in oil wells and mounted on a light spring, so 
that they are always in contact with the table. "V^en- 
ever the table moves, it turns the rollers which carry 
oil to the ways and deposits a lubricating film. 



Fig. 59 . Dbip Feed Lubrication System 

GREASERS AND GREASE GUNS 

With greasers we have a larger variety. There are 
the usual grease cups with screw-down caps, which are 
operated when a supply is required, and another type 
in which the cap carries a spnng-loaded plunger, which 
forces the grease into the bearing as soon as there 
s space for it. A type of greaser used extensively on 
notor-cars is the mpple type, in which a grease gun is 
ised to force the lubricant into the bearing (see Fig. 58). 
Che nipple only has a small hole, so that water, etc., 
jannot obtain access, and the grease gun end is coned 
;o that no screwed connections are necessary. 


107 — (5515) 


1666 


WORKSHOP PRACTICE 


DRIP FEEDS (SINGLE) 

With more important beanngs, where it is necessary 
that the amount of lubricant used can be verified, sight 
feeds are used. A standard type is illustrated in Eig. 69, 



Fig, 60 , I^bip Feed Fitted to CoiopitEssoE 


and consists of a glass chamber to hold the oil and a 
needle valve at the bottom. The oil drips from the 
outlet, and can be seen and regulated by the grpnll 
milled screw at the top. With the small handle at the 
top in the horizontal position as in figure, the needle 
valve is closed and no oil passes. To re-commenoe 
delivery, the handle is placed vertical Another type 
of drip feed is illustrated in Eig. 60, and is fitted on a 
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ompressor to feed into the cylinder. With the ordinary 
Tpe the oil would be blown straight back with the 
ressure from the compressor, and therefore it is neces- 
iry to fit an equalizing pipe, so that the pressure in 



Fig. 61 Sight Feed and Pump on a Motob-cycle 


3 drip feed is the same as in the cyhnder and the 
can then flow in The type most known to readers 
1 be similar to that in Rg 61, as fitted to many 
likes of motor-cycles for lubricating the engine, 
ere is a plunger pump, the discharge of which is 
lally operated by a spring. This pumps the oil 
ough the drip feed, and the amount can be regulated 
a milled adjusting screw, and, of course, checked 
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by watching the amount through the glass sighi 
feed. 


DRIP FEEDS (MULTI) 

Figs. 62 and 63 indicate multi-drip feeds all fee 
from a common reservoir, one having three leads anc 

the other twel^v^e leads 
to difPerent bearing^ 
on the mach-ine. By 
this device, oixe filling 
and one tap controls 
the supply to all the 
bearings. 

RING OIT^SBS 

Ring oilers are ex- 
tensively used in 
machine tool work, 
and have already 
been described under 
bearings for shafting. 
The reader is recom- 
mended to refer back 
to the parsbgraph 
dealing wibli this 
matter. The shape 
of the rings "varies, 
as does also their weight, both of which are modi- 
fied to suit the type of bearing.^ In one type of ring a 
channel section is used, which tends to brmg lup more 
lubricant than the plain type. iThe rings of oilers are 
usually about twice the diameter of the shaft. A noth 
modification is the provision of scrapers and cha^nnels in 
the housing to take the oil from the ring and distribute 
to the oil groove. Instead of solid rings, chains can be 
used to deliver the lubricant, and Fig. 64 illustrettes the 



Fiq. 62 . Muiti-dbip Feed 
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Fig. 63. MuLTi-DBn* Feed, 12 Lhaj^s 





1670 


WORKSHOP PRACTICE 


use of a chain which lifts a mixture of oil and oilstone 
powder, and then by reason of centrifugal force delivers 
it to the teeth of the gears. At high speeds, chains are 
liable to churn up the oil and cause a foam 

OIL INDICATORS 

There are many types of oil-level indicators. Some, 
as shown in Figs 65, 66, have glass tubes in which the 
level of the oil is seen, while others have floats which 
move an indicator. There are simpler forms in which an 
indicating rod is used, as in Pig. 67, or again, cocks or 
taps are fixed at the various levels. Some bearings are 
also fitted with a thermometer to indicate the tempera- 
ture, but in other cases the temperature of the oil is 
taken, so that any special increase is seen and steps 
taken to rectify the fault. 

The materials of the component parts of bearings are 
extremely variable. The following are a few — 

Mild steel and white metal bearing. 

Cast iron and cast iron bearing. 

Steel and cast iron bearing. 

Hard steel and phosphor bronze or gunmetal. 

Hard steel and agate. 

Hard steel and fibre. 

Soft steel and wood. 

Stainless steel and brass. 

Hard steel and chiUed cast iron 

Hard steel and hard steel. 

Many varieties of oil-less bushes consistmg of lead 
base, graphite, wax, etc., and also stone-hned bushes. 

All of these have their special duties, which wiU be 
considered. There would be no need for such a huge 
variety of materials if a film of oil was always present, 
as then metallic contact could not occur. Another 





Fig. 66. La.the Headstock Fitted with Fig. 66. Float Type On, Indicatob 

Window Type Oil Indicatob 
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interesting point is, that it is not necessarily the com- 
position or analysis of the material that is at fault, 
but it is the structure which is important. The best 
bearing metals are those having a mixture of hard and 



Fio 07 SittiPLB Dip-stick Type Oil 
Indicator 


soft constituents distributed evenly throughout the 
material. Similar metals are more liable to seize than 
those of dissimilar material. Another reason for vary- 
ing metals is the different lubricants, and also the 
bearing pressure, as these vary from 30 to 80001b. 
per sq. in. A hardened steel shaft in a hardened steel 
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bearing will stand a pressure of 20001b. per sq. in., 
mild steel in white metal, 500 lb. per sq. in., and cast 
iron in oast iron, 100 lb. per sq. in. These are only 
approximate, and would again vary according to 
ubrication, and also whether the load was constant or 
ntermittent. The bearing area is equal to the diameter 



Fia 68 Showing the Hardened Steel 
Bearing in which the Peg of a Facing 
Cutter is Located 


ultiplied by the length, and in motor-car engine prac- 
36 the bearing pressures vary from 500 to 1000 Ib 
*essure, according to whether splash or forced feed is 
led for lubricating. For bearings such as gudgeon 
ns, these figures can be increased to 20001b. per 
. in. Bearing material must therefore stand high 
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unit pressure at high rubbing speed without wearing 
excessively, and the friction must be low, or otherwise 
a lot of power is wasted. They must also resist corro- 
sion, and the journal should be hardier than the bear- 
ing, so that replacement can be more easily performed. 
Hard steel bearings are extensively used on jigs and 



Fio 09 The Michostructure t»r a Topical 
A uTOMOBiufl White Metal 


tools, and Fig. 68 illustrates a bearing of this material 
where the peg of a facing cutter is located m the 
hardened steel bush which acts as a bearing during th(‘ 
cutting period. 

WHITE METAL 

The most important anti-friction bearing metal is 
the so-called white metal, or babbit. Tlie composition 
varies, but is principally tin with antimony and a 
small percentage of copper. White metals, if examined 
microscopically (see Fig. 69), consist of cubic cr3^stals 
of a hard substance embedded in a softer mass, and it 
is this arrangement which makes it so very useful. 
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The hard crystals are evenly distributed and take 
the wear of the bearings, and being in a softer mass 
they give, and in a very short time the surface is in a 
perfect condition. If subjected to impact blows, they 
must, however, be backed with a harder material. 
There is not much difference in the friction in the soft 
and hard metals, but with the softer metals, when run, 
they are soon reduced to a level and smooth surface 
which distributes the load over the bearing. With the 
white metals there is also less chance of scoring the 
shafts, as if overstressed the bearing will run hot and 
melt. Also if, through carelessness, grit happens to 
Dbtam access to the bearing, it will become embedded 
n the white metal, whereas if a harder bearing was 
itted it would probably score the shaft 

BRONZE 

The bronzes are much harder than white metals, 
ind much more work is required to produce a satis- 
actory bearing. The bearings must be properly bedded 
vith the shaft or journal, as if not, the load is taken 
ly the high points only, which will not give like white 
netal, with the result that heating occurs and seizure 
)f the bearing is sure to follow, which will also probably 
icore the journal Fig. 70 is a photograph of a head- 
tock m which the bearmg metal is bronze. This front 
)earing also takes the thrust through the steel washer, 
md the brasses are of square section and do not, there- 
ore, require to be pegged 

CAST IRON 

Chilled cast iron is a hard wearing metal used in 
onjunotion with a hard steel journal, but as with th(^ 
►ronzes, the bearing must be perfectly scraped or 
•edded in. If two bearings are required to be in line, 
uch as a lathe headstock, trouble would be experienced 
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if both, were hard bearings, and good practice is to 
have the front one of hard material, and the rear one 
of white metal which can be run in. The boring machine 
spindle in Fig. 71 illustrates the use of cast iron. Lead 
acts as a good bearing metal, and lead base bearmgs 
have given good service, but they will not stand such 



a high compressive load as tin base bearings. The 
following is the composition of some raUroad wagon 
bearings: 70 per cent lead ; 15 per cent antimony ; 
and 15 per cent tin. There is also a bronze bush on 
the market in which graphite to 40 per cent by volume 
IS mixed in the metal. By reason of this the bush is 
porous, and will hold lubricant for some considerable 
time. Vulcanized rubber is the material which has 
been used for such parts as pumps and propeller 
shafts and, as with lignum- vitae, the water present in 
such cases acts as the lubricant. 


Fig 71 Boring Maohinis Spindle with 
Cast Iron Bearing 



Fig. 72 Phosphor-bronze Connectino-rod Bearino 
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STONE BEARINGS 

To hear of bearings made of stone will perhaps sur 
prise a few of our readers, but stop to think of the watch 
in your pocket, or on your wTist, and remember that 
you had to pay for so many jewels which are really 
stones, or often agates are ’used. A banded agate in 



Fig. 73 Baitdbd Agate in its Natural 
State 


its natural state is illustrated, together with a photo- 
graph of jewelled watch bearmgs, in Eigs. 73 and 74 
Agates and precious stones are the hardest of minerals, 
and will therefore withstand wear. Ordinary tool steel 
not cut them, and it is necessary to use their own 
powder, which acts as an abrasive, to machine them. 
A soft limestone has also been used in bearings, but 
for a different purpose. The bearing metal was white 
metal, and limestone slabs were inserted which, being 
porous, held a supply of lubricant, and was similar in 
action to a felt pad. 
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OIL-LESS BUSHES 

There are man y different materials used in the manu- 
facture of the so-called oil-less bushes, and photographs 
of some of the types are reproduced. In one case, wood 
is impregnated with wax or oil, and in others a bronze 



Fio 76. OrL-liEss Fibbe Bush in Magneto 
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bearing is used with inserts of graphite. The lignum- 
vita© bushes do not require oil, as they naturally con- 
tain a resinous substance, and are usually used where 
water is abundant, which also acts as a lubricant. 
Lignum-vitae has been used mostly for the stern tube 
bearmgs of ships, and the propeller shafts were fitted 
with bronze hners on which the wood acted, so that 
no rusting could take place. Stainless steel is now being 
used, in conjunction with oil-less or bronze bushes, on 
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car parts which are not fully protected from the 
weather. With the oil-less bushes it often pays to add 
an oiler or greaser, and good examples are shown in 



Fig. 77. Wood Bush fob Shock Absobbbb 


Fig. 78. These are shackle bushes for motor-cars ai;id 
besides the bush, end plates are also fitted, and greaser 
mpples, BO that a grease gun can be used occasionally. 



Fig. 78 Shackle Pin Beabings 


Dil-less bushes are also useful for such details as 
oose pulleys, textile machines, and specially in con- 
'^eyors where the lubrication of bearings is apt to be 
orgotten 
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WEAR OP BEARINGS 


The weanng of bearings is due to breakage of 
films, and through dirt and foreign matter obtain 
access. Most wear takes place at starting and ] 
speeds, as when runmng at speed the shaft tends 
float. If a bearing is not correctly proportioned 
regards length, wear is liable to take place at the en 
as if so long the bearing will act as a beam and be] 


Offside 


Oifhlm 



When a bearing ri 
hot under standi 
conditions, an 
creased diameter d( 
, not help, as altliou 
I a larger surface 
obtained, the veioci 
also increases. To c 
tain a cooler bean 
increase the length, 
extra surface is o 


Fio 78 a. Exaggerated View oi<’ 
Bearing 

Explaining wliy tlio grcMitoat wear oconra 
at one side 


tamed with no ext 
velocity The pa 
where most wear tak 


place 18 at tlie off-si. 
of the bearmgs. This is the aide of greatest pressure, ai 
where the thm end of the oil film occurs (see Fig. 78/ 
Besides machine parts and motor-cars, white mot 
bearings are now used extensively on railway wor 
and one reason is the ease of replacement when nece 
sary by remetalhng, which we will discuss in th 
chapter. 

The white metal is only a thin layer, and if the bea 
mg runs hot and melts there is no fear of damat 
resulting, as the part caimot get away and break othe 
parts of the machine. It is claimed that die-cast bea 
mgs of solid white metal are very good, and engine 
have run quite successfully on them, but there ] 
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always the risk of the metal spreading, especially at the 
ends, and as a thicker layer of met^ is used, damage 
to the engine is likely if the bearing runs out. White 
metalling is not confined to small bearings, as in a bear- 
ing from a huge crushing machine 12001b. of babbit 
was required for relimng. 

CLEANING AND TINNING BEARING SHELL 

The bearing should be perfectly clean before the 
tinning operation is commenced, and also care taken 
that fumes during the heating process do not foul 
the surface, therefore always heat the bearmg from the 
back. It cannot be over-emphasized that cleanhness 
in white metalling is the essential factor. Pure tm is 
the best solder to use, but in any case only use the very 
best tinman solder, and killed spirits of salts is the most 
popular flux. When tinned, dip the bearing in a pail 
of water, and wipe the surplus metal off with clean 
cloth. With the water method there is less chance of 
dirt, fluff, or pieces of cotton getting on the bearing 
face. For heating large bearings, a muffle should be 
used, but a gas nng or a blowpipe can be used on small 
bearings, which comes in handy for heatmg the jig, 
and also keeps local parts heated. If ready to proceed, 
the bearing should again be heated and a thin layer of 
best solder be given, or if a few pieces are to be done, 
this can be left until aU are ready. This tinning can 
easily be done by plunging the bearmg into the molten 
met^, but there is always the risk of dirt, etc., con- 
taminating the metal The operation is illustrated m 
Fig. 79. 


TESTING TEMPERATURES 

We are now ready for the white metal which, of 
30urse, must be above suspicion. If white metal is 
leated higher than necessary, the metal is useless, and 



1684 


WORKSHOP PRACTICE 


it should not be repeatedly Jieated, and then left tn 
cool. Only use sufficient motal to do the job ro(|nired 
each day, and if there is any over, j)our it out of the 
melting pot so tliat it is cooled ([iiiekly, anti it tlu*u 
can be used on the next work. Two otlier important 
points are that the metal should l>e stirred \\vl\, so that 



Kkj, 70. Tinnino a Sl’MT Hlivrosi* 


the mixture ishomogeuet)us, and tJit* teuipt^riiturt* care- 
fully watched. A pyrometer is tlu' eor^‘t^l, inslrunient 
to use, but often a mechanic cannot obtain ont*, and 
must therefore bo able to clieck this without in.sini- 
ments. In place of a pyromett^r, small piect's of wliitc* 
paper can be used, which should lie diiiped into tlu* 
metal and withdrawn. If the metal is afc tlu^ eorreel 
temperature, the paper will beconui Iirown, but ncU 
burnt or charred black. Another sign of over-ln^aling 
IS a bJue ash, which is an oxide forininfj on tin* surfat-i- 
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P the metal. Some engineers cover the surface of the 
letal with a layer of wood charcoal to prevent the 
ndization. The actual temperature varies with differ- 
it white metals, but all should be heated till they ran 
eely, when pouring should be done, 

MOUNTING BEARINGS AND POURING 

The next operation consists of mounting the bearing 
a fixture and pourmg the metal. We will first discuss 
e fixtures. If possible, make the fixture so that the 
etal can be poured vertically, but in all cases see that 
o vision is made for extra supply of metal at the top. 
1 the mandrels or pieces in contact with metal should 
cleaned and smoked to prevent the metal sticking 
them. Instead of smoking, the part can be dusted 
th Erench challc. The necessary fixture can easily be 
apted by the mechanic to suit each particular case, 
ith half bearings, an angle plate can be used, and a 
If mandrel, or a piece of sheet metal bent to the shaft 
imeter instead of the solid mandrel. This is placed 
ainst the side of the angle plate, and the bearing shell 
.mped up in position. Where extra metal is required 
the faces, either clay, putty, or mill board pulp can 
used, or a special metal extension added. The clay 
also useful to lute up any small inaccuracies at the 
rious joints. The two photographs illustrate further 
-ups for casting bearings. In Eig. 82, a bearing is 
ng cast by means of a half mandrel clamped to a 
;te in the vertical position, and Eig. 80 shows the 
’izontal pouring where a shaft and cardboard end 
ces are used. In both cases there is plenty of clay 
ing to prevent leakage of the metal. In certain cases 
ite mefcalling is done in position. The bearings on 
elU engines, and lead screw nuts on lathes, are 
mples. The prepared spindles are mounted in line, 
1 the necessary packings, etc., used, and then the 
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Fio. 81. Aitothbh Method or CASTiNa a Beahuto 
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metal poured direct. When ready for pouring, the bear- 
ing and the fixture should be heated until the tinned 
surface begins to run, and then hold the ladle as near 
as possible to the bearing and pour in a steady stream, 
without any splashing and in one go. Always allow 
plenty of metal, as surplus can easily be turned off, 



Fig. 82, Casttno a Bearing on a Halit Mandrel 

while cavities cannot be filled The bearing should be 
cooled from the bottom, while the top is kept hot so 
that the metal can flow down the bearing to fill up 
any spaces or gas cavities. To help this, dip a clean 
piece of wire in and out of the part stiU molten, which 
will tend to burst the cavities and allow the still molten 
metal to flow in. This period is only for a minute or 
two. 

In workshops of any importance and where produc- 
tion is large, white metal die-casting machines are used, 
and the metal is forced into the die by means of a 
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plunger. All the previously-mentione(J points must 
still be watched, but it cuts out the danger of bad 
pouring. As shown in the photograph, Fig. 84, the 
temperature of the molten metal is checked with a 
P3nrometer, so that there is no danger of overheating. 
The die is fixed to the machine, and swung over an 



orifice through which the metal is pumped by the hand 
lever at the side. So that there is no chance of the 
metal adhering to the die, all the exposed surfaces are 
dusted with French chalk before each cast is made. 
The halves of the die, are clamped together, and held 
down to the seating by the hand wheel mounted above 
the machine. White metal bearings have also been 
successfully manufactured by centrifugal casting, but 
at present are not extensively used. 



Fia. 84 A White Metal Die-casting Machine 
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TESTING AND MACHINING 

A good bearing 'which has contact -with its shell, -will 
ring true when lightly struck ■with a hammer. I^en 



Fig 86. Dik-oasting Maohinb with Dies Open 


scraping the metal, if the matenal seems hard and 
gritty it is a sign of overheating, and the bearing 
should be scrapped. The processes of cutting oil grooves, 
rolling, scraping and bedding-in -will be considered in 
another chapter. 
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DEFECTS AND REIVIEDIES 

If a bearing does not ring true, or the metal has not 
adhered to its shell, it must be relmed, and greater care 
taken to see that the flame does not reach the tinned 
surface, and also that the shell is heated enough to 
run the tinned surface before pouring the metal. 
Blowholes are often due to the temperature of the 
metal not being correct, or bad pouring, but can also 
be due to oil, water, or air being in the bearing, and 
unable to get away. 

OILWAYS AND CLEARANCE 

Oil ways carry the lubricant from its source of supply 
to the bearings, and consist of either pipes, channels, 
or drilled holes, according to the design of the machine. 
Oilways also collect used oil, and return it to be filtered 
ready for circulation. The area of the pipe should be 
sufficient to flood the bearing with oil, and the mechanic 
must see that all oilways are clear. Many ingenious 
devices have been made to supply oil to revolving 
cranks of steam engines, and one which is well used 
consists of a sight feed held vertical by balance weights. 
The photograph, Eig. 86, is an underneath view of a 
petrol engme, and shows the oil channels from which 
the dippers on the ends of the connecting rods pick 
lip the oil. Used oil drops to the sump, and is then 
irawn through its filter and pumped around for 
’ecirculation. In the swivel pins of motor-car front 
ixles there are usually bushes at the top and bottom, 
md these are lubricated from one filler. The pin has 
m oilway running down the centre, which connects 
jO both bushes by small drilled holes. The line drawing 
Uustrates standard practice in auto engine design with 
•egard to oilways, although there are many different 
nethods which act in a similar manner. In the one 
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illustrated, the oil from the pump is delivered to the 
main distributing pipe, and then fed to the crankshaft 
bearings. The crank is drilled, and the oil fed via 
drilled holes from the bearing to the throws, which 
lubricates the connecting-rod big end. The various 
bearings, oil pipe, and oil holes can be seen in the 



86. Undhbneath Vibw of Petrol Engine Crankoase 
WITH Oil Sump Removed 


photograph, Fig 88, which shows the case with the 
components removed. So that no leakage of oil will 
occur at the face when the crank protrudes through the 
case, an oh thrower is turned on the shaft, which slings 
the oil back into the case. Even if any escapes past 
this and tends to ooze out, an oil return groove will 
agam return it to the oil sump. In other engines the 
oil is fed to the crank pins by pipes, or again by means 
of channels cast in the crankcase. Bearing clearance is 
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the amount of space which must be left not only to allo's 
for an oil film, but also for any expansion, etc., whic] 
takes p] ace during the ruiming of the engine and machine 
No definite figure can be given to suit all cases, am 



Fig. 88. Lower Half of Crankoase Stripped of 
THE Crankshaft Assembly 
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this is often left to the fitter or erector to decide. An 
average clearance for running fits on medium size 
shafts is to allow -001 for each inch in diameter The 



Fig. 89 Spibai. Oil Grooves 


clearance and limits for various sizes of bearings, so 
that a good film of oil can be assured, are as follows — 

For the Shafts — 

Up to I in. diameter the size should be minus 1 to minus 2 thousandths 
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OIL GROOVES 

The oil grooves distribute the oil over the varioui 
faces on the beanngs, and a lot of attention is noM 
being paid to these points. The old method was t( 



Fig. 90. Spiral On. Grooves on Shapt 



Fig. 91. Oil Groove on Worm Wheel Shaft 


cut a spiral groove straight round the bearing, without 
any theory except to distribute the lubricant. The 
idea of an unbroken film, and also the introduction of 
Michell bearings with their taper wedge of oil, has 




Fig 92 Longitudinai Oil Groovhs on Undub-side 
OB’ Grinding Marring Table 



Fig. 93 Oil Grooves in the Slides of a 
Shaping Machine 


the bearing, as otherwise the oil will take the easiest 
ith, and not do its work. Oil grooves can be put 
ther on the shaft or in the bushes, but the usual way 
in the bushes, as these are tbe softest material. A 
w types of oil grooves have already been illustrated 

109— (5513) 
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under the chapter on motor-car bearings. The groo^ 
if spiral, are cut right and left hand, or sometimes be 
according to the position of the oil inlet (see !Fig. * 
The faces of thrust bearings are lubricated by eccen 
oil grooves which distribute the lubricant over the h 


Fig. 94. Cuttino Ojl Gboove on Groo\ inq Machink 



and others of spiral groove on journals and thrusts f 
also illustrated. Oil grooves are also necessary on su 
faces as the ways or slides of machines, and the undi 
side of a grinding machine table is shown m Fig. { 
and the shdes of a shaping machine in Fig. 93. Son 
times the delivery is at the high pressure side, and it 
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then necessary to cut a groove round the case, so that 
the lead in is at point of low pressure. If new bearings 
are fitted to any machine, first make a note of the 



Fig 96 Cutting Oil Grooves in a 
Bearing by Hand 


Dilways, and also reason it out yourself, as oil grooves 
3an be overdone, and also cut the wrong way, with the 
result that oil is returned and not supplied to the bear- 
ng. With white metal bearings, grooves known as 
tnud grooves, consisting of a chamfer along the butt 
'aces of each half bearing, are added. These, of course, 
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sliould be of a slow chamfer, so that the oil can be dr 
in by a wedge action, and the grooves must not exi 
the full width of the bearing, but end from one sixtet 
to one half, according to the size of the bearing, 
grooves in the region of high pressure are not only 1 
but often harmful, as they break up the film of 
The oil grooves can be cut on a lathe with a sci 



I^G. 98. OlL-KETOBN GROOVES ON EnD OP AitB ShAI'T: 


cutting attachment, or in larger works oil groov 
machines are fitted which do not require such skil 
labour. The fitter, of course, can, if no machines 
available, easily cut the grooves by hand, and 
operation is illustrated in Pig. 95. 

OlL-RETimN GROOVES AMD PACKINGS 

We have already mentioned and illustrated i 
return grooves as used on engine parts, and Fig. 
.shows oil-return grooves on the end of axle shaf 
Their use is to stop oil from the differential leaki 
along the shaft, and obtaining access to the bra 
shoes. These return grooves should not be rounded 
with oil grooves, but should be shaped V with t 
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straight side acting as the return. Oil -return grooves 
can also be used on vertical bearings to bring the oil 
from a reservoir up to the bearing. If it is not possible 
to fit return grooves where shafts project through the 
cases, other methods, such as felt washers, should be 




Fig. 97 Michograph op Ground Cast Iron 
SURPAOB 

used, not only to save the lubricant, but to keep the 
machine clean. 

On motor engines it is often found necessary to fit 
baffles at the entrance or bottom of the cyhnder bores 
to reduce the amount of oil splashed upon them. 

If more than is necessary for lubrication is dehvered, 
a certain amount will get burnt, or charred, and form 
carbon deposit, which results in pre-igmtion, failure of 
piston rings, and many other troubles due to contam- 
ination of the oil. 
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FDHSHINCr SHKFACES 

The surfaces of bearings should be in a perfect con- 
dition if friction is to be reduced, and often this means 
not only special cases, but a lot of hard work. With 
steel shafts the journals can be ground to size, but 



98 Mtcboohaph op Kolled Cast Ikon 
Surface 


although the surface appears smooth, if examined under 
the nucroscope, it appears more like a ploughed field. 
To give the reader some idea of surface finish, we will 
take the three photographs in Figs 97, 98, and 99. 
The first is a surfawe of cast iron which has been ground, 
magnified to 25 diameters The other two surfaces have 
been respectively rolled and pohshed. The rolled sur- 
face has a few of the grinding marks removed, and the 
structure of the cast iron can just be seen, and in 
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Fig, 99, which was hacd pohshed, a perfect surface 
free from scratches is shown. In polishing surfaces with 
oxides, a chemical action takes place, and material is 
not removed, but the irregularities are smoothed over. 
One of the places on motor-car engines where the 
finish of the bearing surface has improved is the cylin- 
der bore, and the majonty of bores are now rolled, 



Fig. 99 Micrograph op Polished Cast Iron 
SURFACB 


apped, or lined. A rolling tool is shown in Fig. 100, 
und consists of hardened rollers free to revolve on a 
pindle which is fixed into the bore, and while rotating 
3 reciprocated up and down the bore. It not only pro- 
luces a good finish, but slightly compresses the metal 
nd gives it a harder surface. Honing is another 
nethod, and the hone in Fig. 101 consists of fine stones 
aounted in a holder, and the action is similar to grind- 
ag except that only small amounts of material are 
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removed. After tlie surfaces have been attended to. 
there is the scraping and bedding-in of the bearings, 
working clearances, and also the alignment of the bear- 
ings. A frequent cause of failure in bearings can be 
attributed to lack of alignment, or a bent shaft which 



Fig. 100. Roltjng Tool 


unduly stresses the bearing. If a shaft is weak, or the 
distance between the supports too great, similar trouble 
will be experienced. All these points should therefore 
be watched during fitting and assembly. With connect- • 
ing rods for petrol engines, this is always checked by 
the assembler, and fixtures are provided to test the 
alignment and, if necessary, reset them correctly. 

The fitters can be saved a lot of work during the 




Fia. 102. Bro ACHING Connecting-rod Bearing 
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assembly if all bearings are reamed in bne and, if 
possible, broached as illustrated. The type of broach 
with rounded burnishing teeth can also be used in 



Fia 103 Honing Tool 


many other parts for fimshing rotind holes, such as 
valve guides, tappet guides, etc. Pig. 101 illustrates 
the two phosphor bronze bearings on the stub axle of 
a motor-car being reamed in hne after assembly. Often 
the working clearance is given by means of packing 



Fig 104 . BsoACHiNa a TmEE-BBABiNa Cbaijkcase 
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shims, and this is the system used in the majority of 
connecting rods, and an illustration has been given in 
previous chapters under Motor-car Bearings The bores 
of white-metalled connecting rods, and in a few cases 
even the main bearings of crankcases, are broached to 
size before bedding-in, and when dealing with white 
metals, the last teeth of the broacher are rounded and 



Fig. 106. Group of Bearing Scrapers 


act as burnishers or rollers, and compress and also 
harden the surface 

SCRAPING AND BEDDING-IN BEARINGS 

When the shaft is true, correct to diameter, and has 
a good finish, the operation of bedding-in can be com- 
menced. An an illustration, we will tSie a three-bear- 
ing crankshaft for a petrol engine. First, the tools must 
be descnbed. They consist of hardened steel with 
cutting edges, and fcheir shape depends upon the articles 
being scraped. Flat ones similar to chisels are used for 
flat surfaces, and round ones for journal bearmgs, but 
the reader will gather more information by referring 
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,0 Eig. 105, which illustrates a collection. They are 
lasily made out of old files, and the e<^es should be kept 
.harp. Even when in use, an oil stone should be kept 



Fig. 106 . ScuAPiNO thb Crankshaft Bearing 
IN Position 


indy so that a few light rubs can be given. The half 
jarings in the case are first put in position, the cap 
taring in all ca.ses being left till later The crank or 


1710 


WORKSHOP PRACTICE 



Fig. 107 Beahing Journals Before (left) 
AND After (right) Scraping 



Fig 108 Top of Connecting Rod Bearings 








Fig. 109 Typical Factory Plant for RmrarNO-iN Petrol Engines 
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standard bar is then lightly smeared with a marking 
paste, such as Prussian blue or red lead, and then laid 
m the bearing and revolved while being held by pres- 
sure in the bearings. When lifted out of the bearings, 
they are marked on the high places The various 
scrapers are now taken, and the high points reduced 
by removing very thin shavings of metal. The pro- 
cess of sorapmg is more difficult than the description 
sounds, and experience is necessary before good work 
is produced. The operatiion is illustrated in Fig. 107, 
where two journals are shown, of which the left hand 
IS marked ready for scraping, and the right hand is 
after scraping. The marldng of the bearings and scrap- 
ing IS continued until the marks are distributed over 
the whole bearings. When, as in the example, there 
are three bearings, much more care is needed, and the 
centre bearing should not be placed in position till the 
two end ones have been finished The next procedure 
is to fit the caps, and here two operations are necessary : 
first, the bearing surface needs scraping, but at the same 
time the faces at the junction of the two halves need 
levelling and also reducing, so that the cap is in con- 
tact with the shaft. The tightness of the shaft should 
not depend upon the tightness of the nuts, but on the 
clearance allowed when fitting With white metal bear- 
ings the shafts should not be free enough to be spun 
round, but with phosphor bronze bearings, which will 
not give like white metal, the shaft should have no play, 
but be free enough to spin round. Fig. 108 illustrates 
a connecting rod and bearing in which the fit depends 
not on packing shims, but the fitting of the two halves 
until the correct clearance is obtained. 

RUNNING-IN BEARINGS 

White metal bearings should be run-in for a short 
period, and then the bearings can be checked again 




Fig no Anothbh View of a Batch of Engines Being Run 
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This running-in allows the white metal to form a per- 
fect bearing, the small cubic crystals of hard material 
sinking into the softer mass, and although the bearings 
were slightly stiff before, they should be free after 
running-in. This, of course, must not be done with 
bronze bearings as the material is too hard, and the 
bearings must be free to start with. The two illustra- 
tions, Figs. 109 and 110, show a plant for runmng-m 
motor-car engines after scraping and fitting. As these 
were of high standard, every bearing was again exam- 
ined after this operation to make sure that surfaces 
were perfect, and all had obtained the correct lubrica- 
tion When running-in see that a plentiful supply of 
lubricant is available, and control the heat of the bear- 
ings also, which can easily be managed by a stream of 
oil flowing over them In replacing bearings, watch the 
oil holes, and see that they register with the supply, 
and, if remetaUed, see that no metal has got in the pipe 
or choked the supply in any way After fittmg bear- 
ings, see that they are protected from all dirt and dust 
which causes the weanng of the surfaces, and, lastly, 
remember that a bearing must be lubricated , also if 
this is not automatic, methodical oiling must be carried 
out with correct lubricant at regular periods 
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SECTION XXXI 

BALL AND ROLLER BEARINGS 

INTRODUCTORY 

Although the plain type of journal and thrust bearing 
has been developed to a fair standard of efficiency by 
careful attention to such factors as the choice of suitable 
bearing metals, the proper bearing load pressures and 
the correct means of lubrication, the fact remains that 
the plain bearing depends upon shding resistance of two 
solids separated by an oil film. As tests have shown con- 
clusively, the efficiency of such bearings has reached its 
limiting value in the case of whitemetal bearings and 
hard steel shafts, or journals, running m oil fed under 
liigh pressure through suitable oilways In the search 
for still further improvement in bearings, more par- 
ticularly in the case of motor-car and cycle ones, it 
was discovered that by substituting rolhng friction for 
sliding friction in bearings a considerable reduction in 
friction could be obtained. To appreciate the principle 
underlymg the action of a baU or roUer bearing, one may 
consider a heavy metal object having a flat lower surface 
restmg on a flat metal table — ^the “ marking-off table 
of the engineer’s shop, for example. If one attempts to 
drag this object across the table a certain appreciable 
effort wfll be required This effort will be less if the 
table top is greased or oiled. If, however, one places 
metal rollers under the metal object, as shown in Fig. 1, 
the force required to move it across the table wiU be 
found to be appreciably less. The approximate forces 
required to move the object under the above con- 
ditions are indicated in the diagrams (Fig. 1). By 

1717 
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lubricating the rollers and the top of the table a atill 
smaller effort will be found to be requu’ed. 

BALLS AND ROLLERS 

If the rollers are replaced by hardened steel balls a 
somewhat similar saving in effort is obtained, but if the 
object to be moved is relatively very heavy, unless a 
large number of balls is provided, the balls being in 
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Ftg. 1. IIXTT9TRATINO (LkFT) SuDINO, AND (RiGHT) ROLLING 
Friction 


contact only at pomts may indent the surfaces or 
themselves be distorted 

We thus see that for heavy loads rollers are better, 
whilst for hght loads balls may be used satisfactorily. In 
the same way one always uses either double row ball 
bearings or roller bearmgs for heavy jounial and thrust 
bearings in engineenng practice. 

THE ADVANTAGES OF BALL BEARINGS 

The engineer having to handle, fit, adjust, and main- 
tain in service ball and roller bearings should certainly 
be acquamted with the more important properties and 
advantages of these beailngs We have already referred 
to the reduced friction of ball and roller bearings com- 
pared with plain ones, and in this respect cannot do 
better than quote from some mteresting tests made on 
Hoffmann ball bearings as used for line shafting hangers. 

A shaft 2-| in. diameter was supported at each end in 
l)lain gunmetal bearings, one set bemg fitted with 
needle lubricators, and a second .shaft with two oil 
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'ings for automatic lubrication , another 2 J in. shaft 
lad Hoffmann ball bearings. A total load of 2,300 lb. 
vas supported in each case. The teats were earned out 
or several hours so as to obtain steady conditions. 
Measurements were made of the friction in each csise, 
ind it was found that at 250 rev. per min, the two sets 

plain bearings gave frictional values which we will 
'epresent by the numbers 160 and 130 respectively, 
rvhereeis the ball bearings gave only 16.* These results 
Drove definitely that the friction of the baU bearing 
vas only about one-tenth that of the plain bearings. 
\ similar statement applies also to the low frictional 
osses experienced in roller bearings. 

The amount of power wasted in line shaft trans- 
nission where plam bearings are used is considerable. 
Although some authonties put this loss as high as 60 per 
3 ent of the power transmitted, we are inclined to be a 
ittle more conservative and accept the loss figure as 
26 per cent, i.e. one-quarter of the power transmitted in 
ine shaft bearmgs By substituting ball bearings for 
bhe plam ones, this loss of power, as we have shown by 
bhe test results quoted, is reduced to one-tenth of its 
v'alue It wiU thus be seen that only one-fortieth of the 
power transnutted, mstead of one-quarter, is lost by 
friction at the bearings . this represents a big savmg m 
power. 

Quite apart from then greatly reduced friction, and 
therefore saving in power, baU bearmgs are much more 
compact , occupying only a small width, although of 
greater overall diameter than plam bearings. 

They are more reliable, for if protected against dust 
and dirt, and properly lubricated once in a while, they 
are immune from breakdown. They are cleaner^ for the 
lubricant consists of a special grease that does not run 

* The eoefficjenta of friction m the tiiree c^sea were, respectively, 
•016, Ol.S, and 0015 
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out, and, unlike plain bearings, there is no constant 
flow and drip of oil over adjacent parts. In mdustrial 
factories — more particularly in those engaged in the 
preparation of foodstuffs, chemicals, and in textile 
work, this enhanced cleanliness is a big advantage 

As regards lubrication, there is a considerable saving 
both of lubricant and of time. It is only necessary, m 
the case of line shafting and many machines fitted with 
ball bearings, to pack the bearings with grease when 
they are first fitted, and then to inject grease — using a 
grease gun — once every six months . The saving effected 
in this respect over the cost of daily lubrication work 
and oil for plain bearings is about 75 per cent, according 
to figures furnished by Skefko bearing users 

Another advantage with ball bearings is that much 
higher speeds can be obtamed in many cases, for 
example, with line shafting, so that maximum produc- 
tion and economy can be effected ; there is also a 
greatly reduced risk of bearings running hot and 
seizing up. 

BALL BEARING LOADS AND SIZES 

In what foUows we shall not attempt to deal with the 
theory of ball and roUer bearings, or to discuss the 
results of a large number of investigations that have 
been made by various authorities, but shall give just 
sufficient information on the subject to enable the 
reader to ascertam the best type of bearing to use for 
each particular job, and to find out the most suitable 
size, method of fitting, adjustment, and maintenance. 

The earhest form of ball bearing was that illustrated 
in Fig 2 A , and consisted of a pair of annular cylinders 
made of hardened steel with a row of balls between , as 
many balls as possible were used. This '' two-point ’’ 
bearing is the simplest type of a rolhng friction bearing, 
but it has the drawback that there is nothing to prevent 
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the balls from moving endwise , this bearing, therefore, 
wiU take no end load 

In order to overcome this drawback, a “ three-point ” 
bearing of the type shown in Fig 2 B and C, was next 
devised, so that the two points of contact of the ball on 
the grooved member were on the same radius from the 



Fig 2 Eakly Forms of Ball Bearings 


shaft centre With this type there was a tendency for 
the grooves to flatten at the places of contact, so that 
instead of there being point contact — as theory requires 
— ^there was surface contact, and consequently a sliding 
action. After various other possible forms of ball 
bearing, including “ four-point ” contact and grooved 
races (having grooves equal in curvature to the curva- 
ture of the balls themselves), the final form of journal 
ball bearing adopted was that illustrated in Fig. 3. 
In this case the baU races are grooved to a larger radius 
than that of the balls themselves. Prof. Stribeck, one of 
the earliest authorities on ball bearings, who made a 
large number of experiments on behalf of the German 
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Small Arms Factory, recommended that the radius of 
each of the grooves of the ball races should be from 
1 J to If times the radius of the balls 
There is another important matter in regard to the 
rubbing of the balls themselves, for if they are packed 
into the space between the races so as just to touch, 



Fig. 3 The Modern Bearing 

then when the inner race, say, is rotatmg, the balls will 
roll around the outer race, and as each ball will be 
movmg in the opposite direction to its neighbour at the 
pomt of contact with the latter, there will be imdue 
shding or rubbing between the balls, causmg them to 
wear more qmckly. In order to overcome tins difficulty 
the balls are separated from each other by means of a 
separate member termed the cage ” This is usually 
a skeleton structure of soft steel or bronze, having 
apertures or spaces for the balls (Figs. 4 and 5). Other 
examples of cages will be found in the illustrations of 
different commercial makes of ball, roller, and thru.st 
bearing reproduced hereafter 
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In regard to the question of suitable sizes of ball 
•earing to carry definite loads, although one can oal- 
ulate the size of baU to suit a given load, there is the 
uestion of speed of rotation and fatigue of the material 



Fiu 4 The Skefko Deep Ghoove Ball Bearing, showing 
THE Ball Cage 

t is always advisable, therefore, to accept the manu- 
icturer’s recommendations for the correct sizes and 
ypes of bearing to suit specified conditions. Each ball 
earing manufacturer issues, in tabular form, very 



Fig .5 Showing Cages for Ball and Roller BBAarNos 


omplete mformation of ball bearing sizes (together 
7ith the actual dimensions of the ball bearings, for the 
esigner’s use) and the safe workmg loads for these. 

In this respect it may be added that the safe load 
epends primarily upon the diameter of the ball used in 



1724 


WORKSHOP PRACTICE 


the bearing, and that the load carried increases with 
the square of the diameter. Thus, according to Prof 
Stribeck’a values, a ^ m hard steel ball has a safe load 
of 431b , a Jin. ball 1751b., a Jin. one of 7001b., a 
|,in. one 1585 lb., and a 1 in. 



ball 2830 lb. 

TYPES OP JOURNAL BALL 
BEARING 

There is a number of different 
types of journal ball bearing used 
in engineering work, each type 
havmg its own particular appli- 
cation. The simplest of the com- 
mercial types is the single row 
journal baU bearing, as shown in 
Fig. 6 These are manufactured 
m a wide range of sizes and in 
three distinct types, known as 
the light, medium, and heavy 
types. In the case of the Hoff- 
mann standard beanngs, the 
sizes m the light type range from 
those suitable for fitting over 
J m. diameter shafts up to 10 in. 
diameter shafts, the correspond- 
ing safe working loads ranging, 
respectively, from 180 lb. to 
2320 lb. at 1000 rev. per min. for 


Fia. 0. The Hoffmaj^n 
Single Row Jottrnal 


the 3Jm diameter size. At 
lower speeds rather greater, and 


Bbajung at higher speeds rather smaller 


loads are carried. 


In the medium type, the shaft sizes range from J in. 
diameter up to 6 m. jdiameter, the corresponding loads 
at 1000 rev. per min. being 260 lb. up to 2250 lb. for the 
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2 in. diameter size. The larger sizes of bearmg carry 
proportionately greater loads, but the exact values 
depend upon the nature of the work and method of 
mounting. 

In the heavy type, the shaft sizes range from 17 mm 
(0-67 in.) up to 100mm. (3*94 in), the 
safe loads varying from 720 lb. at 1000 
rev per min. in the former case up to 
20901b. for the 40 mm (1-58 in.) size 
The same remarks apply to the larger 
sizes of bearing as to the medium type. 

Other types of journal ball beanng of 
the single row type available are the extra 
light type (1^ m. to 12 in. shaft diameter), 
the magneto type (5 mm. to 19 mm. shaft 
diameter in fifteen different sizes), small 
journal bearmgs (^in. to IJ in. shaft dia- 
meter m nine different sizes) and motor- 
cycle ball bearings. 

The Skefko smgle row, deep groove 
bearmgs (Fig. 7), are made m the narrow, 
medium, heavy, and standard types, and 
cover a similar wide range of sizes to 
those previously given. This type of bear- 
ing is characterized by deep uninterrupted Fig. 7. 
raceways, which enable it to carry thrust The Skefko 
loads in either direction in addition to 
radial loads. There is no ball filling slot BallBeabing 
in this type of beanng, so that either face 
can be arranged to face the load, the bearing thus bemg 
fool-proof in assembly, and reversible in operation 

THE MOUNTING OP BALL BEARINGS 

From all points of view it is essential that ball 
bearings be fitted to the parts in, or on, which they 
have to run, in the correct manner In the past the 







1 


1 



1726 


WORKSHOP PRACJTICE 


instances of ball bearing failure investigated have 
almost always shown that the cause of the trouble has 
been due to bad fitting and incorrect mounting. Since 
the successful running of a ball bearing depends upon 



Fig. 8 The Hoffmann Tapered Housing ior Ball 
Bearinos 


the manner in wliich it is mounted, we shall give rather 
more attention to this subject. 

ACCURATE MACHINING ESSENTIAL 

In the first place, too much emphasis cannot be given 
to the matter of accurate machining of the parts for 
takmg the ball bearings, namely, the shaft and the 
housing. The latter items should be turned or ground 
perfectly cylindrical, with their shoulders, flanges, or 
abutments quite smooth and square with the shaft. 
AU recesses, flanges, and collars should be concentric 
with the axis of the shaft. Split housings, collars, or 
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adapters should be avoided, for these, if badly fitted, 
are apt to cause distortion of the races. 

It IS possible, although not always desirable, to 
employ split housings or bushes when fitting ball 
beanngs under difficult conditions Where such con- 
ditions demand a spht housing the cap should be 
registered or dowelled, and the recess for the bearing 
machined with the cap bolted m position 

ALUMINIUM HOUSINGS 

If the bearings are to be fitted in an alumimum 
housing it is desirable, where heavy loads are concerned, 
that the outer race should be housed in a Imer of some 
harder metal The tendency with alumimum housings 
IS for the relatively soft alumimum to be hammered or 
compressed, thus causing the hard outer race to creep 
and finally to rotate in the alumimum housmg , the 
play thus developed may rapidly damage the rotating 
parts, more particularly as the alignment is altered 
If the shaft is connected to a gear wheel, the teeth of the 
latter will then not mesh properly with those of the 
driven gear We have experienced instances of this par- 
ticulai* trouble in the case of the bevel-dnve shaft bear- 
ing housing in the alumimum casing of a hght car back 
axle. Fracture of the teeth of the bevel pinion and 
crown wheel occurred, and on examination it was 
found that the outer races of the bevel pimon had 
actually been rotating in their housmgs m the 
aluminium casing, 

THE CREEP OP BEARINGS 

The creep of the fixed ” member of a ball bearing 
that sometimes occurs is not due to the friction of the 
bearing as a whole, but to bad fitting, machining, or 
unsatisfactory material of the housing 

The conditions to be fulfilled by a journal bearmg are 
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such that the load can never be evenly distributed around 
the race. In normal examples of journal bearings the 
load is vertically downwards, and is taken on one 
portion (of about 120°) of the outer fixed race, whilst 
on the inner revolving race this point of maximum load 
wiU constantly be changmg as the shaft rotates. It is 
therefore the rotating race of a journal bearing that 
tends to creep. When the outer race material is not 
soft there is no tendency for it to creep ; indeed, in 
many cases the outer race is merely a push fit in its 
housing and free to move sideways by a limited amount, 

VIBRATION AND BALL BEARINGS 

Where creeping becomes pronounced in a stationary 
journal race it is an indication that the revolving mass 
is out of balance. This means that the point of greatest 
load travels round the stationary race, pressing it 
against the bore of the housmg and causmg creep. The 
effect on the bearings of a machine resulting from want 
of balance is not always fully appreciated. To secure 
steady running with a minimum of vibration, high- 
speed machines should be properly balanced, both when 
stationary and when running at normal speeds, i e. 
both statically and dynamically. 

The best method of preventing creep is to make the 
revolving race of a journal bearing an “ interference ” 
fit (or tight press fit) on its seat Given reasonable care 
m the machining of the shafts and fitting of the bearings, 
there should be no difficulty whatever in this, and creep 
can be prevented with the heaviest loads. Keys and 
similELT devices are quite unsatisfactory in this respect, 
and quickly wear away under the constant chafing 

PROPER PIT ALLOWANCES FOR BALJi BEARINGS 

Before discussing the subject of the practical mounting 
of ball and roller journal bearings it will be necessary 
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bo consider the types of fit, i.e. the machining allowances 
}hat must be employed to give the best working condi- 
bions. The^ usual type of ball bearing consists of an 
inner and outer hardened steel race, the balls and their 
cage. In aU j oumal type bearings the fixed or statioTiary 
ball race is made a sliding fit on its shaft or in its housing. 
On the other hand, the rotating member of the bearing 
must be made a tight press fit {or interference fit) on its 
shaft or in its housing, as the case may be, in order to 
prevent creep. Each baU bearing manufacturer issues 
instructions or tables giving the allowances of the 
shafts, bearings, and housings for their particular types 
The following information, although apphcable to most 
types of journal bearing, is based upon the recommended 
procedure of Messrs. Hoffmaim, Ltd 

In the case of the interference fits of light type journal 
bearings up to 4 m., and medium and heavy type 
bearings up to 2 in. shaft diameter, should the race be 
on the high limit and the shaft on the low hmit the 
dimensions will be exactly the same in both cases, so 
that the fit will be too easy. On the other hand, when 
the bearing is on the low hmit and the shaft on the high 
limit there wiU be a difference of '001 in , which will give 
too great a fit allowance for these bearings In actual 
practice, however, it wiQ be found that these extreme 
cases rarely occur. The majority of bearings are on the 
low side of standard in the bore and, as the shafts are 
hkely to be well withm the limits, in most cases the fit 
will be correct. In other cases, another bearing can be 
selected, or if the shaft is on the high hmit it can be 
reduced slightly. 

TABULAR INFORMATION ON BEARING FITS 

The following tables will be found very useful m 
connection with machining shafts and housings. If the 
dimensions or allowances given are adopted by those 

III— (5515) 
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who have to machine parts for taking ball bearings, the 
most satisfactory results will be obtained 

In connection with these tables it will be observed 
that Table I refers to the inJier races of both ball and 


TABLE I 

[SNEll RiLLS OF BAI.L AND ROLLLR DKARINOS 




Dhinieter of Shaft 

Type or Bearing 

Bore of Inner Race 
(Inch and Metric Sizes) 

Interference 
Fit (Rotating 
Shaft) 

Sliding Fit 
(Stationary 
Sliaft) 

Light 

Medium or heavy 

Upto and including -t'or 100 mni 

U p to and Including d' or 50 nini 

) + 000-* 

[ to 

) + 0007' 

+ 0000' 
to 

- 0005' 

Light 

Medium op hca\ y 

Over 4' or 100 mm 

Over 2' or 50 miii and up to 4* or 
100 min 

} 4- 0005' 

[ to 

) +001' 

- 0002' 
to 

- 0007' 

Medium OP hea\y 

0\cr 4' or 100 inm 

+ 0007' 
to 

+ 001 i' 

- 0005' 
t-0 

- 001' 


TABLE 11 

Or'PER llVCES BVLL BEARINGS (JOURNAL TYPE) 




Bore of Housing 

Ty[>e of Bearing 

Oiitj^Ide Diameter of 
Bearing 

Interference Fit 
(Outer Rotating 
Race) 

Sliding Fit 
(Stationary Outer 
Race) 

Light or tuodlum 

Lnder 2' 

- 0005' 
to 

- 001' 

+ 0000' 
to 

- 0006' 


2' to 0' 

- 0007' 
to 

- 0012' 

- 0002' 
to 

- 0007' 


J' to 5' 

- 001' 
to 

- 0015' 

- 0005' 
to 

- 001' 

.. 

5' and o\er 

- 0015' 
to 

- 002' 

- 0006' 
to 

- 001' 
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roller journal bearings (HofPmann), and Table II to the 
outer races. 


THE FIT OF THRUST BEARINGS 

In the case of thrust bearings (Fig. 9), as the load on 
the balls is in the direction of the shaft axis, there is no 
load present to search for any clearance between the 



Fia 9 Examples of Thrust Ball Bearings 
A = Single thniflt t j po 

B = Aligning aliiglc thruat tvpo witli outer houalng 
C = Double tliniflt. tj po 


ball race and the part that it fits. It is therefore not 
necessary to make the races of ball thrust bearmgs a 
tight fit either on, or in, the revolving or the stationary" 
member As a general rule the revolving race is a punh 
fit on, or in, the revolving member, whilst the fixed race 
IS a push fit in its housing 

It is essential that the stationary housmg be truly 
concentric with the rotating member’s axis. 

Further (Fig. 10), it is necessary to provide flanges, 
collars, or abutments for transnuttmg the thrust from 
the revolving member to its revolving thrust race, and 
from the other thrust race to its stationary housing 

Unlike journal type ball bearings, ball thnist bearings 
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do not give rise to creep, as push fits are employed, but 
cases sometimes occur of thrust races creeping up 
against their abutments. If the stationary abutment 
is out of square with the axis of rotation, most of the 
load is transmitted to the revolving race at the place 
where the two races are closest together. This causes 
the point of maximum load on the revolving race to 



Fia 10 

Showing Method or 
Mounting Single 
Thhust Bearing 



A Single Thrust Bearing 
Mounting tor Plain 
Journal Bearings 


revolve as the race revolves. This, iii turn, produces a 
revolvmg point of maximum load between the revolving 
race and its abutment, and ‘‘ creep ’ then occurs One 
should therefore look for the cause of ‘‘ creep ” in the 
non-alignment of the abutment of the opposite race. 
Another important point in connection with the fittmg 
of thrust ball bearings is that the rotating member — ^the 
shaft, for example — should run perfectly true m its 
journal bearings. With plain bearmgs this is not always 
an easy matter to ensure, so that wherever possible 
j ournal ball or roller bearmgs should be used. 

When it is not possible to employ journal ball oi 
roller bearmgs the thrust bearing must be protected 
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Dm the effects of wear ia the plain bearings, as this 
5ar will cause inaccuracy of alignment Fig. 1 1 shows 
typical arrangement of a good method of protection 
this case both races of the thrust bearing are centred 
Dm the revolving shaft. If the plain journal bearing 
5ars and allows the shaft to drop, both of the thrust 
ces drop with the shaft and the tracks still remain 



Fio 12 A Typical Double Thrust Bearing Mounting 

acentric. It should be pointed out that the sleeve on 
lich the stationary thrust race is mounted acts as 
small journal bearing, taking the weight of the 
btionary race. 

THE FIT OF DOUBLE THRUST BEARINGS 

As we have aheady observed, the central ring of the 
linary double thrust bearing (Fig. 9 G) is thicker, 
d of larger diameter than the other two races. This 
itral ring is usually clamped tightly to the fixed 
using by means of a split cap or clamping ring 
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provided with a recess to take the central ring near 
its outer penpher}’’ 

The other two outer races must rotate with the shaft, 
and at the same time be quite free from end play. These 
conditions necessitate the use either of a clamping nut 
and a shoulder on the rotating shaft or, what is miicli 
better practice, as there is less nsk of clamping the balls 



Fio 13 The Hopemann Double Row, Heavy Duty 
Thrust Bearing 


too tightly against the races, of a separate screwed 
sleeve with its own shoulder or flange and nut. Such 
a umt can be supphed, properly adjusted and locked in 
position, ready for slipping over a shaft and clamping 
up against a suitable shoulder on the latter by means of 
a nut screwed on to the threaded part of the shaft 
(Pig, 12). The clamping pressure in tliis case is not 
transmitted through the balls and their races, but only 
through the material of the sleeve. This is no doubt the 
better method, as it relies upon the ball bearing manu- 
facturer adjusting the thrust races to the correct 
clearances, and also as it relieves the thrust bearing of 
only clamping stresses. 

example shown in Pig. 12 the sleeve carrying 
the double thrust bearing abuts against one face of a 
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journal roller bearing, taking the journal load at this 
end of the rotating shaft. The complete thrust unit 
(with its sleeve) is held against the face of the inner ring 
of the journal bearing by means of the clamping nut 
shown on the left of the shaft. The central ring member 
of the thrust race is clamped securely and centrally to 
the stationary, or outer, housing by means of the cap 
shown. The latter has a register boss or rmg to enable 
it to enter the nght-hand portion of the housing quite 
centrally. This “ locating ’’ ring method of ensuring 
centrahty of a fixing member is widely used in ball 
bearing design. It should be noticed that the clamping 
cap does not bed flush with its fixed member on the 
nght, but that a small “ clampmg ” clearance is left. 

DOUBLE ROW, HEAVY DUTY THRUST BEARINGS 

Where particularly heavy end loads or thrusts come 
upon rotatmg shafts, as in the case of pedestals, turn- 
tables, and crane posts, it is usual to employ a special 
type of thrust race havmg two rows of baUs, as shown 
in Eig. 13 In this example the moving race has two 
concentric grooves for the balls, whilst the fixed or 
lower race is made in two separate parts that rest upon 
a ring having annular faces on the top side and flat at 
the bottom This rmg is purposely made elastic by 
means of a large number of saw cuts made radially in 
opposite directions and extendmg almost entirely 
through the section. The thrust from each row of balls 
is carried directly on this iing, and the load is thus 
distributed uniformly. 

Fig. 14 illustrates a typical application of a Hoffmann 
bearing, of the double row variety, to a vertical shaft 

CUP-AND-CONE BEARINGS 

In many cases, more particularly where lightly-loaded 
bearings are concerned, there is not room to fit a smgle 
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or double thrust ball bearing ; moreover, the extra 
weight of thrust or double taper roUer bearings is not 
always permissible in many cases. It is therefore 
necessary to make some form of compromise by com- 



!Fia. 14. Showing Typical Application of Double Row 
Thbust Beabino 

bining the journal ball beanng and thrust ball bearing 
in a single unit Fig. 15 illustrates a beanng of this 
class^ designed to carry both a journal load and to take 
end thrust in one direction. The bearing shown is 
known as the cwp-aiii-cone type, the inner member 
being termed the cone, and the outer one the cwp. It 
gives a two-point contact for the balls, and the radii of 
the races are rather greater than those of the balls. 
As a general rule, the radius of each curved race (shown 




BALL AND ROLLER BEARINGS 1737 


at jR, Eig. 15) is about 10 to 15 per cent greater than 
that of the balls, i.e. about 1^ times the ball radius. 
The points of contact of the baUs and their races should 
lie on a hne passing through the centre of a baU and 
inclined to the axis at 25 deg. 



Fig. 15 The Cup-and-Cone 
Beahinq 



Fig. 16 This Beah- 

INO TAKES THBUST IN 
BOTH DeRECJTIONS 


As the engineer may have to make this type of journal 
thrust bearing, it may be mentioned that the races are 
usually made of a case-hardened nickel steel, or a high 
carbon steel tempered to straw colour and then fimshed 
by grinding. There is no cage for the balls m the case 
of pram and cycle bearings, and it is usual to insert 
a sufficient number of balls just to fill the space between 
the cup and cone, allowing a small amount of clearance 
between the balls to reduce the rubbing tendency of 
individual balls. 
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One or both of the races is threaded with a fine-pitch 
screw thread cut in the lathe, dead true with the cone 
or cup. It is important to provide adequate means for 
locking the races on their shafts or in their housings. 

In the case of cycle-type bearings the cones ai’e 
usually turned soM with the fixed wheel spindle, and 
the cups are threaded externally and screw into tli(‘ 



Fig 17 . Application of Cup-and-conij: Bearings to 
Motor-cycle Front Hubs 


wheel (or pedal) hub A screwed locking ring is 
employed to lock the position of the hub. 

^ connection with the use of cup-and-cone bearings 
it is usual to fit these in opposing pairs so as to take 
thrust in both directions, as shown in Pig 16. 

Apart from the special examples of cup-and-cone 
bearings used m various machines, mstruments and 
cycles, there are staTidard self-contained bearings of this 
t^e on the market suitable for fitting over turnwl 
shafts or in cyhndncal housings, just as in the case of 
pumal ball bemngs. Examples of these are the 
Hoffmann combined radial and thrust and Ntnv 
Dep^ure “ Radax baU bearing. The former are 
bupphed to Buit shafts of J in up to 3 in diameter, and 
the J^atter for diameters of 20 mm (-787 in ) to 100 mm 
j X ^ advantage of this type is that it can be 
+ moving one of the races relatively 

0 e other, for example, the cone towards the cup. 
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The New Departure ''Radax’’ bearing* illustrated 
(Fig 17b) is a high-duty non-separable combined radial 
and end-load earner, and is, therefore, provided with an 
angular Imeof contact (viz.at 15deg.), 
as in the case of the cup-and-cone 
bearmg illustrated in Fig. 15. These 
bearings having plain bore cones and 
cylindrical outer races, can be 
located and fitted with ease , they 
are mterchangeable with all stan- 
dard international sizes of single row 
journal bearings These bearings 
have an outer race of high carbon, 
high chrome steel, whilst the inner 
race is of high carbon chrome steel : 
the races are suitably heat-treated 
after machining, and are ground and 
polished finally. The standard cup- 
and cone bearmgs do not usually 
have such a pronounced inclination 
of the baU contact line as the example 
shown in Fig. 15, the inclination being 
about 15 deg 

In the case of the Hoffmann typo 
beanng the balls are held in a yehow" 
anti-fnction cage made as a single pressing, whilst in 
the case of the New Departure a single-piece steel cage is 
employed These bearings should be mountedJ[so that 
the heavy shoulder on the outer race and that^ on the 
inner race oppose the thrust load 



Fig 17a Hoffmann 
Combined B-adiai 

AND OnE-DIBBOTION 

Thbust Beabing 


MAGNETO TYPE BALL BEARINGS 

A special type of light ball bearing is supplied by 
most ball bearing manufacturers for use on the armature 

* Messrs Delco Ltd , London 
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shafts of magnetos and on battery ignition contact- 
breaker shafts. These bearings take only light loads, 
and are used in cases similar to that of the magneto 
where the inner race has to be quicldy and readily 
removed from the outer race and housing. They are 



Fig. 17b. The “ Radax ” 
CoMBiOTSD Journal and 
Thrust Bearino 
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Fig 17c. Light Mao 
NETO Type Bearing 
(Hoffmann) 


also used for very high speeds, such as for polishing 
buffs and grinding spmdles. 

Magneto type bearings are supplied to suit shaft sizes 
of 6 mm. up to 19 mm. (in nullimetre steps in the case of 
Hoffmann bearings). These bearings, in order to locate 
the spindle on which they are mounted, must be fixed in 
pairs, each bearing preventing end movement in one 
direction. It is important to ensure that the axial 
adjustment is not so tight as to cause overload on the 
balls and races. 

The adjusting feature in this case is provided merely 
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to secure correct fittmg of the parts in the first instance 
and not as a means of taking up wear 

The three components of magneto type ball bearings, 
namely, the two races and the cage with its balls, are 
usually separable to facilitate fitting of the bearing. 

LIGHT JOURNAL BEARINGS FOR ELECTRIC 
MOTORS, ETC. 

Apart from the standard sizes of journal ball bearings, 
most manufacturers now supply special hght journal 
bearings suitable for small high-speed shafts, such as 
those of small electnc motors, electric fans, spinmng 
spindles, etc. They are made to suit shafts of J in. up 
to about 1 in. in ^ in. steps. The corresponding outside 
diameters are f in. and 2 in. ; the respective widths are 
^in and fin. 

SELF-ALIGNING JOURNAL BEARINGS 

Where more than one ball bearing is used on a shaft 
it is not always possible to ahgn the bearings correctly, 
and m cases in which the shaft itself may flex or move 
slightly in axial direction there would be a big stress on 
the bearings, m the ordinary way, i£ plain single row 
journal ball bearings, rigidly mounted as recommended 
in ball bearing practice, were employed These bearings 
would be subjected to undue wearing action, for which 
they were not designed. 

It IS necessary, therefore, to employ a special type 
of ball bearing such that whilst capable of carrying its 
journal load and acting as a journal bearmg, it is able to 
adjust or to accommodate itself to deflection or mis- 
ahgnment of the shaft to which it is fltted. Two differ- 
ent methods of obtaining this accommodation or self- 
alignment are illustrated m Figs. 18 and 19, respectively 

Mg. 18 shows the Hoffmann self-aligning bearing 
In this case the inner race is secured firmly to the shaft 
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\\hilst the outer race has a spherical surface such that 
it can shde in a sphencal seating in another houning 
member. In the example shown, the inner race is 
clamped securely between two sleeves, the nght-hand 
member of which bears against a shoulder on the shaft 





Fig 18 The Hoitmahn Self- aligning Jouhnal 
Ball Bearing 

The screwed locking ring on the left clamps the two 
sleeves together. A dust cover, with grooves m its 
inner edge, is provided on each side of the two ball 
races, to keep out dust and water, and to retain the 
grease mjected through the screw hole shown in the 
light-hand member. Another design of this sclf- 
aUgnmg bearing has a spht tapered sleeve for clamping 
securely on to parallel shafts, so that the shoulder in 
the previous example is not req[uired. These bearings 
are designed for journal loads only, and it is necessary 
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Fig 18a. Showing how the Hoffmann SEiiF-AUGNiNO Baxl 
Beabing CAN Accommodate Itself to Telting 

free from shake, but not so tight as to prevent the balls 
moving axially if required. The clearance on either 
side of this shell should be about one-third of the total 
width of the bearing. 

In the case of the Skefko self-aligning ball bearing 
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9) the inner surface of the outer ball race is made 
erical form, with the centre of the sphere on the 
E the shaft. When the latter flexes or distorts, the 
Amply take up a new position in their spherical 
race, and thus in a frictionless and perfectly 
5 manner accommodate themselves to any change 



i 19 The Skefko 

LF-AiiiGNiNG Ball 

Beaming 



Fig. 19a Showing the 
PmNciPiiE OP THE Skefko 
Self-atjgnino Ball Bear- 
ing 


‘ection. As the correction for non-alignment is 
3 d for m the bearing itself, these bearings require 
ecial external members, are self-contained, and 
0 made to approximately the external dimensions 
inary journal ball bearings. In effect, we have in 
ype of bearing the ball-and-socket principle It 
)e observed that there are two rows of balls, 
•ly spaced by means of a sheet metal cage 
;-aligning journal bearings are particularly applic- 
o line shafting of engineering shops and industrial 
ies, to the bearings of overhung shafts, drilling 
ine spindles, grinding and polishing machmes, for 
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electrical machines, woodworking machinery, certam 


automobile parts, textile 
chines, marine work, print- 
ing machines, agricultural 
and mining machinery, and 
in many other miscellaneous 
spheres. 

ROLLER BEARINGS 

As we have stated, the 
ball bearing works on the 
principle of point contact 
of the balls on their race 
grooves, and each size of 
bearing will only safely 
work with a given ma^- 
mum load. Where heavier 
loads and shocks have to be 
provided for, there are two 
alternatives to the single 
row journal baU bearing, as 
follows: (1) The Double 
Row Ball Bearing (Figs. 19 
and 20), or (2) The Roller 
Bearing. The latter type 
gives line contact to the 
rollers on their races, and 
so is able to bear much 
heavier loads than the single 
or double ball type journal 
bearings. In the past the 
design of roller bearings has 
been attended with greater 


and paper-making ma- 



Fia. 20 The HorFMANN 
Double Row Bbabing for 
Heavy Loads 


difiSculties than in the case of ball bearings, for troubles 


were experienced in connection with keepmg the axes of 
rotation, or rolling of the rollers, stnctly parallel with 


iia— (5315) 
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the shaft axis, and m preventing undue end thrust oi 
the rollers 

Roller bearings are now available in two principa 
^yp^s, namely, the plain parallel roller journal bearing 
and the tapered roller bearing The former is usually 
unable to deal with end thrust 
whereas the latter can take thrust 
m one or both directions in addi 
tion to journal loads Roller bear 
mgs are made also in the self- 
aliguDig as well as the plam journal 
or journal thmst types 

Fig. 21 illnistrates the Hoffmanr 
plain roller journal bearmg, ir 
which, in place of balls, there is 
a row pf short rollers each o1 
length equal to its diameter. This 
type w'lll carry a load from 50 tc 
70 per cent greater than a bal 
bearing of the same dimensions 
It will not, however, take any enc 
thrust so that some means musl 
be provided for end location 
either by plam thrust washers — ii 
the case of light thrusts — or bal 
thrust bearings In many cases the 
manufacturers recommend the use of a “ location ” bal 
bearing of the journal type ; these are similar to stan 
dard ball bearmgs, but slightly smaller m outside dia 
meter. They are mounted immediately alongside the 
roller beaiing, the housing being bored straight througl 
to suit the outer race. 

SOME IMPORTANT MOUNTING PRINCIPLES 

To obtam the most satisfactory service from ball anc 
roUer bearmgs these must be mounted correctly ir 





V' 




I't 

. . . 

r 

h 


! i 

1 

L_ri 


r 

^ r 1 ‘ j 

Fia 21 Thu Hofp- 

MANN PlAJN RoiiER 

Bearing 



BALL AND ROLLER BEARINGS 1747 

relation to the fixed and moving members. A lew 
typical illustrations will at once demonstrate the prin- 
ciples to be followed in designing the housmgs for these 
bearings 

Taking the simplest case met with m engineermg 
workshop practice first, namely, that of a rotating shaft 
supported by and running m two fixed journal ball 
bearings (Fig. 22, A), the mountings must be accmately 
aligned, so that their axes are comcident. One of the 
bearings is used to hold, position, or locate the shaft , 
m this case it is the left-hand bearmg. The fixed outer 
race in this case is a sliding fit m the housmg, and it is 
clamped securely on both sides by the housing, so that 
it cannot move in an axial direction. 

In this method of mountmg, as some allowance must 
be made for end play and expansion, it is usual to allow 
the outer race of one bearing (in this case the right-hand 
one) freedom to slide a little each way in its housing , 
the method of accomplishing this will be clear from 
Pig. 22, A, (right-hand member). The inner races m 
both cases are mterference fits on the shaft, whilst the 
outer races are sliding fits. 

Fig 22, jS, shows the same example of a two-bearing 
shaft, but with a roller bearmg in place of the nght-hand 
ball bearing , this enables it to take a greater journal 
load at this end As the roUers are not constrained m 
any way on the outer cylindrical race, there is no need 
to allow for any end play in this member as in A, 
Fig 22 

In connection with the clamping of the inner races 
it should be noted that the clampmg surfaces do not 
abut against the sides of the roller track to a. greater 
diameter than the bottom of the roller track, the 
clampmg nuts being recessed for this purpose If the 
shaft of the two previous examples is subjected to a side 
thrust in either direction, and this thrust is too great 
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to be taken by the journal ball bearing, a thrust washer 
should be arranged m the housing of the fixed or locating 
end of the shaft. 

Fig. 22, (7, shows how this is carried out. It will be 
noticed that since the double thrust bearing now locates 
bhe shaft, the left as well as the right baU bearing outer 
-ace is allowed end play in its housiug The Hoffmann 



Fig 23 . Showing the Use of a Locating Ball Bbaeino 


hrust bearing shown is a complete unit on a sleeve, 
orrectly adjusted for use by the manufacturers , 
he sleeve is a push fit on the shaft. If instead of 
Dumal ball bearings a pair of roller bearings has to be 
sed on account of heavier journal loads, there is no 
eed to allow any freedom for end movement of the 
uter races, so that these may be fixed endwise in their 
ousings ; any end movement that may be necessi- 
ited is allowed for by the sliding freedom of the rollers 
i their outer cylindrical races. 

Fig. 23 illustrates another important example that 
equently occurs in practice, namely, of a heavily 
►aded rotating shaft on journal cylindrical roller 
sarings, but which experiences very httle or no end 
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thrust In this case it will be evident that the roller 
bearings require some means for locatmg the shaft, 
as they will not take any end thrust The simplest 
method is to employ a journal ball bearing to locate 
the shaft . the ball bearing used is made slightly 




Fig 24 Applioation of Ball Beahino to a 
Pulley Wheel 

smaller than the standard bearing on its ontHide 
diameter, and is known as a locating bearing ” It 
■will be observed that the outer race is clear of the lious- 
ing on its outside surface, but is clamped between the 
housmg cover and the outer roller bearing race , its 
mner race is an interference fit on the shaft. 

Another typical application of ball bearings is 
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illustrated in Fig. 24, namely, that of a pulley wheel 
running on a fixed shaft. In this case the outer races 
rotate, and are therefore clamped, with a suitable 



Fia 26. Example of Thbust Beaktnq Applied to a 
Crane Hook 

listance piece between, sohd inside the pulley. The 
nner races are a shduig fit on the pm or shaft, whilst 
he outer races are an interference fit in the pulley The 
»ulley is located by arranging a running clearance 
letween the external faces of the end covers and the 
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side plates shown. The method of protecting the greas' 
packed bearings with the close-fittmg grooved end cov< 
plates should be noted in this example. Fig. 26 shov 
the application of ball bearmgs to the loose pulley of 



Fig. 26. Fast and Loose Ptilleym SHomNO Tapered 
Sleeve Ball Bearing Housing 


countershaft. Fig 25 illustrates a good example of tl 
use of a ball thrust bearing (Hoffmann) in tho case of 
large crane hook. A somewhat similar arrangement 
used for wire rope shackles and deep-well bormg. 1 
this case the shank of the hook is made with a runnir 
clearance in the bridge piece, and concentric with tl 
bore of the latter should be a spigot centring tl 
housing of the thrust bearing. The lower face of tl 
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nut should run true , between it and the top race of 
the thrust bearing is a dished cover to keep out dirt 
and water. It will be noticed that the nut is tightened 
on its thread until the shoulder of the shank is just 



Fig. 27 . Showing Ball Am Rollbr Beabinqs applied 
TO Motob-oyolh Engine 


lear of the lower surface of the bridge piece. The 
lousing IS filled with grease Fig 27 shows how ball 
nd roller bearings are applied to motor-cycle type 
ngines. 

A common example of the application of light ball 
•earings is illustrated in Fig. 28, which shows an electric 
m in part section. These bearings must run for long 
enods in exposed dusty places unattended, so they 
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should be well packed 'with grease and protected as 
shown. 

The particular beanngs employed in the case illus- 
trated are the Hoffmann magneto ” type, the outer 
races being detachable. The outer races each take 
thrust ui one direction, and as they are mounted in an 



Fia 27a. Roller Bearings applied to Big End of 
Motob-cvcle Connecting Rod 

opposed position, thrust both ways is provided for 
This arrangement permits the fan to run perfectly in 
either the vertical or horizontal position. In this case 
the mner races should be a good fit on the spindle, and 
must be clamped endwise. One end of the spindle is 
completely enclosed, the end covers m the other case 
being bored to a fine running clearance, about -01 in. 
larger than the diameter of the distance pieces. 

SELF-ALIGNING ROLLER BEARINGS 

Fig. 29 illustrates the Hoffmann self-ahgmng roller 
bearing which is similar m principle to the Hoffmann 
self-aligmng ball bearing. 
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The Skefko single row cylindrical roller bearing is 
illustrated in Fig. 30, whilst the self-aligning type is 
shown in Fig 30a It wiU be seen that there are two 



rows of curvihnear short rollers, which roll on the 
spherical outer race in such a manner that they can 
adapt themselves to flexure of the shaft, as in the 
Skefko self-ahgning ball bearmg. The Skefko self- 
ahgning roller bearing may be regarded as a heavy duty 
bearmg with self-adjusting properties, capable of 
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withstanding working loads of about twice the value of 
those carried by ball bearings of the self-aligning type. 
These bearings are supplied to suit shafts varying from 
50 mm. (about 2 in.) up to 200 mm. (about 7-9 in.). 



29 The Hoffmann Shl.f-augning 
Boller Bearing 

Tills locarluc embodies the same principle as tlmt of the self-aligning 
boll bearing (boo "Fig 18 a) 

Where the journal roller bearings have to withstand 
also an end thrust in one direction only, it is usual to 
employ special types of roller bearing having tapered 
rollers and conical surfaced races for the rollers to run 
upon. 

THE TIMEEN ROLLER BEARmG 

Figs. 31, 32, and 33 illustrate what is probably the 
best-known and most widely used taper roller bearing, 
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namely, the Timken. In this case there is a series of 
hardened steel tapered roUers, spaced apart by means of 



Fig. 30 The Skefko Single Row Roller Bearing 



Fig 30a. The Skefko Dottble Row Roller Self-alionino 
Bearing 

I specially designed cage, having roll pockets punched 
by a process that obviates distortion. The cage ribs 
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are winged so that they conform to the curvature and 
taper of the roll The Timken cage thus provides a 
pocketing for the rolls which is accurate, thus allowing 
each of the rollers, without interference, to perform 
an exactly equal amount of work 

The principle of the Timken taper roUer beaiing is 



Fio. 31 The Timken Taper Roller 
Bearing 


illustrated clearly in Fig. 33. It will be observed that 
the races and rollers are all portions of conical surfaces, 
the apices or conical pomts meetmg at a fixed point 
on the axis of the shaft to which the bearing is fitted 
This IS the essential condition for pure rolhng to be 
obtained without shding in any tapered roller type of 
bearing 

In reference to this type, it is of interest to mention 
that the inner race is termed the cone, and the outer race 
the cup. The shape of the cone should be noted care- 
fully, for it has a raised rim or rib at each side, the 
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Dject of which is to provide normal contact areas for 
le rollers. The roller has at its larger diameter end a 
it surface which operates against the nb of the cone 


his flat surface at the end 
the roller is made to 
[uare exactly with the cen- 
e line of the roller itself. 

3 each roller revolves 
)out the cone, a normal 
■ntact IS made against the 
ne nb m two areas This 
ntact compels the revol- 
ng roller to align itself 
rrectly under all running 
nditions, and ensures that 
full-line contact is mam- 
ined constantly between 
e roller and the cup on 
0 one hand, and the roller 
d the cone on the other. 
Timken beanngs are 
ide in a wide variety of 
es and load capacities for 
merous purposes. The 
es vary from those small 
Dugh for sewmg machmes, 
vn mowers, and small ele< 



Fia. 32. A Typical Timken 
Bearing (shown to Scale) 


fans, up to large ones 


ployed to withstand exceedingly high thrusts and 
lial loads, as in steel rolling mills. Between these 


ne the many intermediate sizes found in line shaft 
agers, lathes, dnUs, presses, grinders, planers, roll con- 
mrs, hoisting puUeys, and numerous applications in 
) motor-car, commercial vehicle , and tractor Another 


re recent application is in connection with railway 
nage axle bearings, to replace the ordinary plain 
tal bearmgs, for tests have shown convincingly that 
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a considerable reduction m axle friction is obtained with 
roUer bearings. 

Some typical applications of these bearings are given 
in Figs 35, 36, and 37. The advantage of employing 



Fig. 33. Showing the PiiiNaiPLE or the Timken- Roller 
Bearing 


tapered roller bearings is that any wear occurring after 
long periods of running can be taken up by a shght 
axial movement of outer race or cup, where the 



inner race or cone revolves with the 
shaft 

THE MOUNTING OP TAPER 
ROLLER BEARINGS 

The following information relates 
to the mounting of Timken beanngs 
of the type just described. It will be 
evident from what has been stated 
that the best disposition is to 
arrange the bearings m pairs, either 
with the conical surfaces converging 
inwards, as shown in Fig. 38 (above), 
and known as the ''indirect ” method, 


Fig. 34 or outwards, as in Fig. 38 (below) 

^ ” method. 

Bearing The former method is practically 



Fia. 35. Application of Timken Biiarings to Pulley Shaft 
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standard in all stationary shaft applications. A good 
example is that of the front axle of automobiles, the 
stub axles housing the fixed races or cones, and the 
moving wheel hubs the cups. Other examples of 
indirect mountings include farm implement wheels, 
conveyor idler pulleys, mine car wheels, overhead 



!Fia. 36 . Atplioation of Tapebhd Roller Bearing to 
Front Axle of Car 


trolley wheels, loggmg blocks, sheave wheels, hoists, 
drums, crane wheels, and all similar dead shaft applica- 
tions. Experience has proved this type of mounting 
superior to the direct mounting one for wheel or 
pulley service. 

In indirect mounting the distance between the bear- 
ing centres should be not less than 15 per cent of wheel 
outside diameter, and preferably 20 per cent 


BALL AND ROLLER BEARINGS 1763 

Adjustable bearing cones with light fits are generally- 
used with the indirect mounting on stationary shafts for 
speeds below 1000 rev. per min. Slight cone creepage, 
which results from light fits, is quite permissible on 


A 



Fig. 36a. Another Front Axle Example 


stationary shafts at these speeds Above 1000 rev per 
min. the indirect mounting and adjustable cones are 
used with tighter cone fits , in this case cone creepage is 
undesirable, and must be guarded against by tighter fits. 

The manufacturers give tabulated particulars of the 
sizes, loads, speeds, and fits of their different bearings. 





Fig. 37 . Timken Roller Bearings applied to a Lathe 




BALL AND ROLLER BEARINGS 1765 


THE DIRECT SYSTEM OF MOUNnNG 

The direct system of mounting (Eig. 38) is used in 
)plications with relatively long bearing centres. It is 
ore satisfactory above 1000 rev. per min. than the 



nrMCT 

Fig. 38. Methods of Mounting Roller Bearings 

lirect mountmg, because the cones can be given the 
,ht press fits required at these speeds. This method is 
3d widely on automobile transmission gear shafts, 
ferential gear shafts, and hve axles as well as machine 
il transmission shafts, for general gear reductions, 
low blocks journal boxes, and other applications 
ich permit large bearing spans. 
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BIACHINING PARTS FOR TAKING ROLLER 
BEARINGS 

Referring to Fig. 39, which shows the principal 
dimensions of the shaft and housing for Timken roller 
beaimigs, it is very important to ensure that the 



Fia 39. iLLrsTRATTNG MACHiNiva DiivrENsiONs OF Parts 
roR Taking Timken Bearings 


inachuie work is carried out witJiin specified limits to 
obtam the best working conditions In regard to the 
^dth dimensions, U and V (Fig 39). widtJi 
tolerances of -020 m. to -030 in can be permitted in the 

Xs beanng by making provision for 

tJiK variation in beanng adjustment. 

Machine work for two opposed bearings may have 
total tolerances of .040 m to -060 in and be speeded 
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7 the use of machine stops to gauge shaft shoulder 
1 measurements. 

shaft diameter 0 (Fig 39) tolerance dimension 
39) varying from -0006 m. to -0016 in according 
airing bore is standard practice for cone seats. The 
tion allowable in the housing bore dimension P is 
•001 in to *002 m for non-adjusting cups with 
press fits, and from -0006 in. to *0014 in. for 



’iGS 40 a and 40b Two Methods of Cone Housino 


ting cups with light press fits. It is absolutely 
:ial to ensure correct alignment of the cone and 
3ats 

ere possible, the cone should be located on its 
by means of a shoulder turned on the shaft ^ in. 
r than the radius P (Fig. 40a) , the fillet radius 
1 be in. less than the cone radius The shaft 
iter B for all standard cones should be estimated 
bhe dimensions given in the maker’s catalogues. 
3 ome cases tapered shafts (Fig 40b) are employed 
he cone housing. In these mstances special 
id bore cones are obtainable This type of fixing 
lates shoulders, and is used on hve rear axles of 
lobiles. 

/ 3 rpical example of the application of a pair of 
ct Timken roller bearmgs to a belt pulley-driven 
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shaft, having a bevel pinion gear, such as may he found 
on many machine tools, is shown in Fig. 35. In this 
case the cups are located by means of recesses bored in 
the outer housing , the shoulder indicated by the 
dimension H (Fig. 36) varies m height with the cup 
diameter, section, and radius Adjustment for wear in 
the bearmgs can be made by tightening up one or both 
of the shaft nuts. 

ADJUSTMENT OP TIMKEN BEARINGS 

As we have mentioned previously, adjustment of this 
type of bearmg is a relatively easy matter, and is 
accomplished by moving either the cup or cone (whicli- 
ever is the stationary member) m an axial direction. 
This feature enables wider tolerances for machining 
bearing seats to be employed, and makes possible the 
adjustment of other dependent parts, such as spiral 
bevel gears, helical gears, and the front axle bearings of 
automobiles. Further, it is possible by this adjustment 
to ehminate chatter on machine tool spindles, and 
generally to reduce noise. 

General applications should have -002 in to -006 in. 
end play. End movement of either the stationary o’* 
the revolving race, properly fitted, can be used to 
adjust the bearmgs for speeds up to 1000 rev. per min. 
Above 1000 rev per mm. it is considered advisable to 
make adjustments with the stationary race in order to 
permit a tight press fit of the rotating race. It is 
recommended that the adjustment increments should 
not be greater than *005 in. In the case of two opposed 
bearmgs a total end movement of -,V, in. should be 
arranged for. This amount should allow for and include 
the variations due to machining tolerances, variations 
in bearmg widths, and subsequent adjustments of the 
bearmgs. Threaded adjvMing nuts are widely used for 
either the cup or cone movement. Light or medium. 
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duty applications should use nuts having sixteen 
threads per in , and six or more locking castellations 
Heavy dvty machinery may require nuts with twelve 
threads per in, and eight castellations. The threads 
should be close fitting. Split nuts or housings that can 
be clamped on matmg threads are essential on eodra 



Fig. 41 . Skiafko Bearings in Light Car 
Front Wheel Hub 



Fiq 42 . Steering 
Swivel Pin 
Bearing 


heavy jobs. Threaded adjustments should not only be 
positively locked agamst rotation but, wherever 
possible, the threads should be clamped to ensure Ught- 
ness against end play. 

SOME OTHER ROLLER BEARINGS 

The Skefko taper roUer beanng that is used for 
many automobile and engineering parts is illustrated m 
Fig 34 In this case the cone is provided with two 
grooves on its conical face, and the rollers are housed in 
a pressed metal cage. 

Two mteresting apphcations of this type of bearing 
are shown in Figs, 41 and 42. Fig 41 shows how a pair 
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of these bearings is appJied to a light I'ar front .i\lc 
The design illustrated enables the ooniplide huh to In- 
produced at a low cost, as all screwing i.s eliniin.ited 
and accurate machining reduced to a niininniin Kig 
42 shows one of these bearings einphmsl to lake the 
weight of the front part of the car iijion the stei-rnig pin 
bearing In this case it takes the thrii.st (oi vertienl 
load) in one direction only and acts as a journal heai-niu 
also. The lower end of the steering jiivol pm works in 
a plain phosphor bronze bii.sh housed in the lower end 
of the stub axle Provision is made for t.ikmg up end 
wear by means of the ca.stle nut and washer show n alio\ e 
the Skefko bearing 

THE HYATT PLEXmLE ROLLER BEARING 

Another widely used roller hearing is the lliatl t\ fie 
illustrated in Figs. 4:i and 44. 'I’he principle of this 
bearing is quite different from that of any others we 
have described, for instead of employing .solid ones 
in the bearmg, the Hyatt tyjK* utilizes ll(*\ilile rollers 
These enable the bearings to aceommodate thmn.sehes 
to small errors in alignment, and enable the rollers lo 
bear evenly all along their traclos. It is elaimed als<i 
that this type of bearing, on account of the resilienev 
of the rollers, will withstuiid mifiact shocks, and load 
variation much better than solid rollm- bearings 

The rollers are in the form of hollow cylinders formed 
by hehcally winding .stiijis of alloy steel .\fter being 
cut to length, the rollers are heat treated, not only for 
maximum hardness, but also to develop ma.ximiim 
toughness , they are then very acciirateh' ground to 
size. In this way very tough rollers offering ma\imum 
resistance to shocks, abrasion, and fatigue an* obtained 
In assembly the consecutive rolleis are arranged w it h 
right- and left-hand spkals (Fig. 44) . this is for the 
purpose of directing the lubricant back and forth 
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The Slit Outer Race is shown in Fig. 43. It is usimI 
chiefly for light duties, tho rollers being (‘Oinj)itrativ(4\ 
long , it is designed primarily for direct roller oiieraf ion 
No inner sleeve or race is fitted, tlic^ rolhu’s oper.iting 
direct on the steel journal. A slit outer raee is, how evcf , 
provided ; this is of high carbon steel aceurat(*I\ 
finished to cylindrical form. The joint is in the form oi 
an obtuse angle (Pig 43), so that the rollm-s operate 
over it without shock or noise. 

Before pushing into its housing the slit rtiei* will b<‘ 
found to have a slight outward spring, w'hieh eaiisi'.s tin* 
joint to open slightly. When brought to true evlindn 
cal form by pushing into the machined cylindrical 
housing the joint is closed up to its pi’oper width and 
the spring of the race eliminates any temkMicy to creep 
or turn in the bore. The load-carryiutj ntpfwihj of this 
type is governed to a large extent by the hunln^ of tht 
journal upon which the rollers ojicrati*. This 1y[!c of 
bearing has been widely used for bacik axle l)(*aring.s of 
Ford cars. 

The Solid Race Type, Hyatt J'oller bearing (Fig. 14 ) is 
intended for heavy loads and higher speeds. In tins 
case the rollers are fairly short, and both inner and outer 
solid race are provided 

As before, the spiral type of rollers with their eag(* is 
employed. The races are made in tlie form of straight 
cylinders of steel case-hardened all ov(‘r to ainjile (l(‘j>th 
and ground to close limits. 

The three components, namely, the inner and ()ut(‘r, 
races and the roller assembly are Heparal)!c‘, and, if 
desired, either the inner or outer races can Ik* dispensed 
ynth if suitable operating surfaces arc* substituted 4’lus 
is a very useful feature in engineering woik, for an 
appreciable amount of bearing space can Ik* sav(‘d if 
one of the races can be dispensed with. 

The correct size and typci of bearing to einjiloy in 
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particular cases will depend upon the speed, shaft 
hardness (where no inner race is used), nature of service, 
and the maximum temperature to which the bearing 
is exposed. Hyatt bearings will operate on the normal 
rating basis up to 350^ F. Above this temperature the 
temper of the races is affected, and the load capacity 
therefore reduced Thus at 600° F. the capacity is 
reduced to one-third. ' 

The manufacturers supply tabular and graphical 
data m regard to the appropriate sizes of roller bearings 
to work under specified conditions 

The slit race bearing is obtainable in a range of sizes 
varying from J in. diameter shafts (with corresponding 
working loads of 62 lb. at 100 rev per min., and 33 lb. 
at 1000 rev. per min.) up to 5 in. diameter shafts (with 
corresponding working loads of 5400 lb. at 100 rev. per 
min. and about 3000 at 500 rev. per mm. for bearings 
of 6 in. width). 

HYATT BEARING MOUNTING NOTES 

The principal points to observe when designing 
mountings and housings for Hyatt bearings can be 
enumerated, briefly, as follows — 

1. Correct alignment of bearings and shafts. 

2. Betainment of the bearing parts in their correct 
operating position by means of suitable collars, 
shoulders, sleeves, or recesses, as in the case of ball 
bearings 

3 . Endwise location of the shaft Hyatt roller bearings 
do not take end loads, so that it is necessary to provide 
some means to locate the shaft in its correct lengthwise 
position and to take any end thrust that may occur. 
For small end thrusts and at low to normal rotational 
speeds, plain metal thrust washers may be used. For 
appreciable end thrusts, ball thrust washers are 
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necessary. Sometimes a deep groove location journal 
ball bearing can with advantage be used. 

4. Protection of the bearing As in the case of other 
ball and roller bearings, some means must be provided 
to exclude dust and water and to retain the lubricant 



Fig 46 Showing Application of Hyatt Bearings to 
Pulleys and Shafts 


111 the bearing The most common method for a blind 
end shaft is that of an end cap or plate seahng this end 
of the bearmg 

For bearmgs having shafts passing through, a cover 
ring having a small clearance around the rotating shaft, 
and provided with a series of small grease-retaining 
grooves, is the most commonly used Sometimes, as in 
the example illustrated in Pig. 46, a felt retaining 
washer is housed in the cover ring. The illustration 
referred to shows the arrangement of a railway carnage 
axle running on two sets of Hyatt bearmgs, m place of 
the usual plain gunmetal axle boxes , the friction is 
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lus considerably reduced. It should be noted that 
lere is a plain metal disc to take the side thrust, and 
lat the “ open ” end of the bearing has an inserted 
■It washer to retain the lubricant and to exclude dirt 
id water. The complete hearmg is packed with grease, 



Fig 4(5 Hyatt Bearings as used tor B\il\\ay Carriage 
A xiiE Bbabinqs 


lected or replenished through the hole shown with its 
'ewed plug on the left. 

Fig 45 shows another application of Hyatt roller 
arings to loose pulleys of machine driving shafting 
le left illustration shows a narrow, and the right a 
de pulley. In the latter example two sets of roller 
arings, with a rmg spacer, are employed The end 
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plate protecting members should be noted in these 
examples 

Fig 47 shows the method of employing Hyatt roller 



Fig 47 . Hyatt Rolij£r Bisahinqb used tor Small Ends 
or Connecting Rods of Large Diesel Engine 

bearings for the connecting rod and gudgeon pin bearings 
of large internal combustion engines. 

6. Lubrication, As with ball bearings the lubricant 
is intended, not to reduce friction of the rollers in their 
races, but to protect the surfaces against corrosion, and 
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Iso to act as a seal to exclude dirt and moisture. The 
ibrioant does, of course, tend to reduce friction of the 
age and rollers. 

As a general procedure, and in cases where the 
ibricant can be properly replenished, oil should receive 
rst consideration ; after this a thin grease, and finally 
thick grease. 

If the temperature of the bearing is high a suitable 
igh viscosity lubricant should be employed ; usually 
cylinder oil is used for temperatures of 400° to 600° E. 
L cup grease is recommended for temperatures between 
2° and 180° F. The use of greases containing any 
olid fillers such as cork, asbestos, graphite, or mica 
hould be avoided, as the solid material is rolled into 
akes and is harmful to the bearmg. 

THE LXTBRICATION OF BEARINGS 

In the cases of both baU and roller bearmgs, as the 
ction of the balls or rollers is purely one of rotation and 
ot of sliding, the question of lubricating the balls or 
oUers is unnecessary as a means of reducing friction, 
t is clearly not possible to maintain a film of lubricant 
etween the ball or roUer and its races, owing to the 
elatively great intensity of pressure. 

The principal object, however, in lubricating these 
earings is to protect the high pohshed surfaces from 
orrosion, and to keep out dust and water. Either 
rease or oU will do for this purpose, provided that it 
an be kept in the bearmg. In the majority of cases it 
3 found more convenient to use grease, as this will 
emain in the bearing for long periods without needing 
eplenishing. The cages are also lubricated by the oil or 
rease supplied, to reduce shding friction. A lubricant 
he consistency of vaseline, non-acid in character, is 
uitable for most conditions and temperatures up to 

114— (5515) 
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120° P. The melting pomt should not be lower than 
about 200° E. 

In cases where the bearing is exposed to higher 
temperatures either a high meltmg point grease or a 
mineral lubricating oil should be used. 

Animal and vegetable greases or oils are apt to develop 
free acid, and therefore should be avoided in ball and 
roller bearings. 

In many cases oil is preferable to grease, notably 
where bearings run at high speeds, and may be sub- 
jected to higher working temperatures. Petrol engine 
bearings are a case in point. When ball bearings are 
used in gear-boxes and certain engine bearings, they are 
lubricated with oil in preference to grease. 

PROTECTION OF THE BEARINOS 

Apart from the use of a grease lubricant to keep out 
water and small dust particles, it is usually necessary 
to provide additional means for protectmg ball and 
roller bearings from ingress of dust and water, or these 
agents would quickly cause abrasion and corrosion. 
Moreover, the lubricant must be kept within the bearing 
also. It is usual to make provision in the design of the 
housing or shaft for this protection. One common 
method is to provide a wide hp to the bore of the end 
cover and to make it a fairly close fit to the shaft, with 
a clearance of about ^ in. In the bore a series of 
grooves are turned (Fig. 48), which become filled with 
grease and act as a seal, effectively excludmg dirt and 
water. Semicircular grooves of about in diameter 
are found to give good results. 

For particularly dusty conditions the addition of a 
thrower over the lip of the end cover (Fig 49) is required. 

Fig. 49 shows an excellent form of bearing protector, 
which has proved most satisfactory under conditions 
similar to those of axles on motor vehicles in excluding 
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grit and water This combination of a thrower and two 
grooves is both simple and effective under severe 
conditions of bearmg operation 
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When beajrings have to be protected against the force 
or pressure of water, they should be packed with grease, 
and a grease-gun used for forcing the grease into place. 
Many motor-car parts are thus protected. Eig. 50 
illustrates a good design of bearing (Hoffmann) pro- 
tection for such cases. 

The worst conditions likely to be met with are those 
of bearings running totally immersed in water or other 



(A) (B) (O) 

!Fia. 51. IiJ.irsTRA.TmG Thrrh DuircEtayr Methods ov 
nROTEOTIN-G ROUJJB (AUD BaU.) BeAHENGS 
A « S'elt disc B = Sheet metal discs O <» A-rnmlaT grooves 

liquids. In such cases, apart from the adoption of the 
best available design of housing protection, stainless 
steel bearings are advisable. Although more costly and 
of lower load capacity, the non-corrosive property of 
this steel renders it the most suitable. Pig. 51 illus- 
trates some alternative protective measures or closures 
recommended for Timken roller bearings ; these 
employ respectively (from left to right) felt washers, 
sheet metal labyrmth discs, and annular grooves. 

Other examples of bearing protection wiQ be found 
among the illustrations of this section. 
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SECTION XXXII 


PETROL ENGINE FITTING 
AND ASSEMBLY 

DITRODUCnON 

PRACTiOAii knowledge of the fitting and assembly of 
any engineering product is more readily obtained in a 
repair shop than in a new construction factory. And 
this difference holds also in connection with interna] 
combustion engines. In the first place, wear and the 
other results of use or misuse gives much useful 
information which serves as a guide when fitting and 
erecting , and in the second place, there is much more 
careful and skilful fitting required. 

Modern manufacturing methods tend more and more 
in the direction of perfection and exactness in machine 
processes In those works which are organized on what 
are known as production lines, the various components 
of a petrol engine are not “fitted,” but are merely 
bolted together, and the operative has little oppor- 
tunity of learmng more than one or two operations 
In a number of British motor-car and motor-cycle 
factories, the engines are, however, produced by a 
combination of clever machine processes and accurate 
and skifful fitting 

An endeavour will be made in the following to con- 
sider the fitting and assembly of petrol engines from 
the point of view both of new construction and of 
repair work, but the latter will necessarily receive some- 
what more attention, and reasons will always as far as 
possible be given in connection with the operations 
described. 
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The reader is assumed to have some general acquaint- 
ance with the construction and methods of working 
of petrol engines. Only a few typical examples of 
engine construction have therefore been described or 
illustrated. 

All available drawings and instruction books relating 
to the particular makes of engines m which the reader 
may be mterested should be carefully studied. 

The greatest care must be given when assembling to 
ensure absolute cleanliness of all the parts. Grit, sand, 
emery powder, or any other abrasive will soon ruin an 
engine. It is difficult to remove completely all the 
moulder’s sand from the comers and maccessible parts 
of castings. A sand blast is very penetrating, but may 
leave a residue in some parts. Probably the most 
effective way to prevent damage (after all possible sand 
has been removed by ordinary methods) is to fix the 
residue by the application of a coat of suitable oil- 
resisting paint to aU the interior surfaces of the casting. 
This paint may be applied by the brush, but spraying 
is a quicker and more effective method. 

All internal surfaces must be wiped clean, paraffin 
being used where necessary, and oil should be applied 
to the bearings, cyhnder walls and other working parts 
before finally bolting up or assembling. 

Nuts and studs must be screwed up tightly, but not 
too tightly. Experience only will enable the exact 
degree of force to be estimated. All nuts must be 
prevented from slacking back either by split pins, 
spring washers, or lock nuts. A missing split pin 
from, for instance, a big-end bolt may cause serious 
damage. 


ENGINE STANDS 

Stationary petrol engines are generally intended to 
be bolted down to a flat surface, and they are therefore 
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conveniently supported on the bench or on a raised 
platform of some kind for assembly or repair purposes. 

Petrol engines for motor-cars and motor-cycles, on 
the other hand, are supported by brackets at their 



Fig. 1. RavaBSiBiJai Stajstd ADjusoJABiai roB Enghois 

OTF AJJL SiZBS 

sides or ends, and have oil sumps on other parts below 
the bracket level. Further, work of any kind is facili- 
tated if the engine can be inverted. Such engines can- 
not therefore be rested on a flat surface, and special 
stands are employed wherever efficiency is properly 
considered. 

A good example of a stand adaptable for engines of 
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all types or sizes is made by Maim, Egerton & Co., 
Ltd (Fig. 1). The engine may be bolted to side mem- 
bers earned by trunnions on the triangular side frames, 
the side members havmg undercut grooves for the 
securing bolts The engine is held by stays in any 
desired position, upright or inverted The width of 
the stand, that is the distance apart of the tnangular 
side frames, is adjustable. 

LUBRICATION 

Before lubrication systems can be dealt with and the 
work of fitting bearings can be done with mtelhgence 
and understanding, it is necessary to know something 
of the principles of bearing friction and lubrication 

The mam principle to bear in mind is that there 
should never be any actual metallic contact between 
the bearing surfaces In the case of a big-end or crank- 
shaft bearing, the steel journal and the white metal 
bearing must be separated by a thin film of oil about 
ToVu thickness, which in a way may be hkened 

to the rollers in a roller bearing Oil is more or less 
VISCOUS according to its quality, that is, the particles 
tend to adhere together ; and a thin layer or film 
between two surfaces will resist enormous pressures 
before it can be squeezed out, even though its tempera- 
ture rises in use and it becomes much less viscous than 
at ordinary temperatures. It is thus clear that all 
efforts must be directed to maintaining this film of oil, 
and journals and bearings must be so fitted that their 
surfaces agree very closely, and leave only the necessary 
uniform clearance for the oil film 

In modem engines, all the working parts are lubri- 
cated automatically with the exception of the ball 
bearings in the electrical accessories, such as the 
magneto. As the crankshaft and connecting-rod big- 
end bearings work under the most severe conditions, 
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•rication systems are classified according to the 
nner in which these parts are supplied with oil. 

Che systems are as follows — 

L Forced feed in which a pump forces oil under 
jssure to the crankshaft bearings, and thence through 
holes or passages in the crankshaft to the big-end 
wrings. 

2. ^lash systems in which the oil is pumped into 
■ughs, one for each big end, a dipper on the big .end 
tributing the oil. 

5. Systems, sometimes called “ petroil,’’ in which a 
inite quantity of oil is mixed with the petrol. 

L Systems in which oil is fed to the crank chamber 
a steady rate by a hand or automatio pump. A 
ible drip feed facilitates regulation of the rate of flow, 
is system is largely employed on motor-cycle engines. 
Systems 3 and 4 are only applicable to engines having 
11 or roUer bearings. Forced and splash systems are 
.en combined in the same engine ; in engines having 
erhead camshafts, oil is generally forced to the 
arings. 

There is much variety in design and, when dealing 
th any particular engine, the general working of the 
brication system should be mastered by reference to 
e maker’s working instructions, drawings, or other 
Eormation. 

Whatever system is in use, it is essential that all 
Lways, whether formed by external or internal pipes, 
by passages in the casting or shafts, should be clean 
id clear. ParaflSn is a most useful cleansing agent in 
is connection, and wire may also be used where 
scessary. 

AH pipe joints and ooimections, whether internal or 
:temal to the engine, must be perfectly oil-tight, as 
akage at any point may upset the working of the 
'■stem. 
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In all engines with a oiroulating oil system fine gauze 
filters are used, generally in such a position that they 
filter the oil just before it enters the pump. Gauze 
filters are also employed for the fresh oil supphed to 
the engine. The greatest care should be taken that all 
such oil filters are perfectly sound. There must be no 
defects in the gauze material, and any joints must be 



Fig. 2 Gbaii-whedil Oil Pump 


perfectly made. The soldering iron may be used to 
correct any defective joints. 

Two types of oil pump are in use — ^the gear wheel 
pattern and the plunger pump. 

In the gear wheel type, it should be noted that the 
intermeshing teeth do not carry oil either one way or 
the other ; they act merely as a partition. The oil is 
carried from the suction side to the delivery side by 
the spaces between the teeth and the casing. These 
pumps are very reliable, and do not depend for their 
operation upon springs or valves. Pressure relief valves 
are often provided, as shown in Fig. 2, in connection 



Main oil line from pump to valve obam* 
ber reservoir 

Oil pump driven by spiral gear on 
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with the Standard 9 h p. engine This valve passes 
oil from the delivery side directly hack to the suction 
side when the oil pressure exceeds the limit to which 
the valve is set by the adjustable screw A abutting 
against the end of the spring. E is a lock nut 
The plunger pump is generally moved in one direc- 
tion, that is, the dehvery stroke, by a special cam on 
the camshaft ; it is returned by a spring. This type of 
pump depends entirely upon the automatic opening 
and closing of one-way valves, one or two of which are 
provided on the suction and delivery sides. These 
valves consist of a hard steel baU bearing on a narrow 
bevelled or coned seat frequently made of bronze. 
Close engagement of the valve with its seating may be 
obtained by giving the ball, when it is m position, a few 
light taps with a hammer, using a short punch of brass 
or similar soft metal 

The plunger will force the oil without leakage if it 
is a very close fit in the pump cylinder. Shallow 
grooves turned in the plunger help to prevent leakage. 
■Wear is very slow, but very little wear indeed necessi- 
tates a new plunger 

LUBRICATION SYSTEMS AND GENERAL 
CONSTRUCTION 

A number of examples of different lubrication systems 
will now be referred to and illustrated. Constructional 
characteristics, other than those relating to lubnca- 
tion, will also be dealt with 

In the latest Ford four-cyhnder engine, Model AF, 
shown in Fig. 3, the oil is drawn from the sump through 
a cylindrical filtering screen into the gear pump, and is 
discharged into the valve chamber at the front or 
raised end of the engine. A medium light oil is used, 
and it is not under pressure The valve chamber is 
divided into three reservoirs by two small transverse 



PISTON RINGS 



Fig 4. Mobbis FouB-cmjNDEB Englnt; 
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dams, and the oil overflows each dam in succession and 
fills the next lowest reservoir. From the several reser- 
voirs, oil flows by gravity to all the bearings and other 
working surfaces and to the oil troughs in the oil pan 
tray. 

In the Morris four-cylinder engine, Fig. 4, a vertical 
plunger pump worked from a cam at the middle of the 
camshaft draws oil through a filter from the sump, and 
dehvers it under pressure to the three crankshaft bear- 
ings by means of the distributing pipe shown. A 
branch from this pipe also dehvers od to the timing 
gears. Surplus oil fiUs the troughs from which the big 
ends are lubricated. The pressure of the oil delivered 
to the main bearings is indicated on a gauge. 

The Morris six-cylinder engine, Fig. 5, is pressure 
lubricated throughout. The oil is strained through a 
horizontal wire gauze covering the whole of the sump. 
A gear wheel pump driven by a vertical shaft draws 
oil from the sump through pipes and drilled passages, 
and delivers it through similar means to the crank- 
shaft bearings and big enda, the spindle of the tensioner 
for the chain driving the overhead camshaft, the bear- 
ings of the camshaft and the rocker arms operating the 
overhead valves. In this, as in aH full pressure systems, 
the surplus oil escaping from the big ends is relied upon 
to lubricate the cylinder walls and gudgeon-pin 
bearings. 

The Douglas two-cylinder-opposed, air-cooled motor- 
cycle engine is shown partly in section in Fig. 6, 
the inlet valves being arranged at the top and the 
exhaust valves at the bottom. The exhaust valve 
lifter, which reduces the compression pressure and thus 
facilitates starting, is arranged at the bottom of the 
crankcase. A bell-crank lever is operated by a Bowden 
wire, and the short arm lifts the valve tappet shghtly. 
Pig. 7 shows a diagram of the drip-feed, pressure oihng 
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Fig. 6. Mobjeub Six-oyIiIndkb Engine 
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system. In this engine there is no continuous circula- 
tion of oil from the pump ; the use of roller bearings 
instead of sliding or plain bearings makes such a system 
possible. A slow-acting pump worked by the engine 
draws oil from a compartment in the tank, and dehvers 
it through the drip sight feed, from which it passes into 



Fig. 6. Douglas Two-crsxiNnEB Cycle Enginb 


the crankcase. The rate of flow is clearly visible, and 
may be regulated as required. When extra oil is 
required as at starting, the hand pump may be used, 
the oil being fed in this case also through the sight 
feed. 

The National single-cyhnder stationary engine, 
Pig. 8, is of heavier design than vehicle engines, and 
has a heavy flywheel for continuous steady running. 
All the internal parts are lubricated by splash from 
dippers on the ends of the connecting rods, the oil in 
the splash troughs being kept at a constant level by 
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Ddiiig scoops worked by rings running on eccentrics 
i the crankshaft. 


BEARINGS 

Divided or spht bearings are used for the main 
inkshaft and for the big ends of the connecting rods 



.11 petrol engines, with the exception of a number of 
or-cycle engines where ball or roller bearings are 
loyed. 

'’hite metal or babbit metal is invariably used for 
g these bearings. There are various reasons for 
The white metal yields very slightly on the high 
ts and wears to a smooth mirror-hke, nearly fric- 
ess, surface If for any reason, such as lubrication 
re, the bearing runs hot, the white metaJ melts, 



regrind, and might even necessitate a new crankshaft. 
A brass or bronze bearing which overheats to the point 
of seizing could damage the steel journal seriously. 

In the modem petrol engine with its possibility of 
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4000 or more revolutions per minute, the inertia forces 
at the ends of the up and down strokes may cause 
momentary forces of over a ton between the big-end 
lining and the journal, these forces at such high speeds 
being greater than the forces due to the explosion 



pressure. Such inertia forces are due to the mass or 
weight of the piston, connecting rod and gudgeon pin, 
which have to be brought to rest at the end of each 
stroke and started on the return stroke. 

Crankshaft and big-end journals are necessarily of 
substantial dimensions in view of the forces which the 
crankshaft has to resist, and their rubbing speeds are 
therefore very high, that is, the white metal and steel 
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are sliding over one another at a great rate. Although 
the friction is small, much heat is generated owmg to 
the speed and the oil is an important factor in conducting 
this heat away, so that oilways in the bearing require 
careful attention. 

These considerations make it clear that the greatest 

care is necessary in 
fitting bearings, and 
explain why failures 
of big-end bearings 
are more frequent 
than failures of other 
parts. 

Big-end and main- 
journal bearings are 

Pig. 10. Flaitged Bbabjng Lesteb very similar, and 

the practical remarks 
which follow apply equally to both. 

The separated parts of a big-end bearing, shown in 
Pig. 9, consist of the steel or duralumin connecting-rod 
end, and the bearing cap, 
each with a flanged liner 
of the pattern shown in 
Fig. 10, also’ the shims or 
distance packing pieces. 

The liners may be solid 
die-cast white metal, or 
may consist of bronze 
shells with a facing of 
white metal on the in- 
side and on the flanges 
to form the wearing surfaces. An unflanged bronze 
shell with a white metal facing is shown in Fig. 11. 
This liner is not grooved, in accordance with practice 
sometimes followed in bearings where oil is supphed 
under high pressure. 



Fig. 11 Cbankshapt Beaeino 
Liner 
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A section of the usual inverted main crankshaft 
bearing is shown in Pig. 12 ; the Hners in this case are 
of the flanged pattern, and are kept from turning by 
a projecting pin {A) registering with a hole in the cap. 

A somewhat lighter big end may be obtained by 
casting the white metal direct into the end of the rod 



and into the cap, the two being provided with undercut 
or dovetailed recesses to retain the liner firmly and 
permanently in position 

The liners always come from the machine shop or 
die-caster very nearly correct, and requiring notlung 
more than hand work In the production shops the 
accuracy of this previous work may be such as to 
obviate entirely any fitting. Each liner in such shops 
is carefully tested before assembly, the tolerances or 
departures from the specified sizes being less than 
xoVij-m. The shaft journals and the recesses for the 
liners m the crankcase, big end, or caps are similarly 
tested for accuracy, with the result that when firmly 
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bolted up the bearing fits with just the right degree of 
tightness. 

Many manufacturers rely, however, to a greater or 
less extent, upon hand finishing, and all overhaul or 
repair work requires careful and skilful hand work. 
The meeting surfaces of the two half liners engage 



Fig 13 Beabing Cap 


over substantially their whole area, and are clamped 
hard up by the bolts. Care must be taken to obtain 


a good area in engagement, each liner being held care- 
fully in the vice (Fig. 13), and draw 
^ filed where necessary or rubbed on 
X — a sheet of emery as shown in Fig. 1 9. 

Wood or other soft packing pieces 
Fig. 14. Shims should be interposed between the 
bearing and the jaws of the vice. 


The use of shims reduces this work considerably. 
Shims consist of a number of very thin metal sheets or 
laminae. They are generally of brass and may be 
separate, but are more frequently stuck or soldered 


together. Fig. 14 shows a shim pack stuck together, 
so that one at a time may be peeled off as required by 
using a pointed tool. When soldered together, the top 
shim may be carefully and evenly filed off until only 
the solder of the joint shows. 
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The fitter or repairer will generally find the question 
of the best arrangement of oil grooves already settled 
^ for him by the makers, but in some oases the cutting 
of grooves will be left to his discretion. With pressure 
lubrication systems and narrow bearings, the film of 
oil is often considered to be most easily obtained by 



dispensing with grooves, either on both Imers or, at 
least, on the top liners of big-end bearings. 

In aU cases, the grooves should stop short of the 
radius at the edge of the bearing. This is particularly 
important in the case of the mam crankshaft bearings 
in pressure lubrication systems, since the oil which is 
fed to these bearings under pressure passes through 
holes in the crankshaft journals to the big-end bearings. 
If the grooves extend to the edge, that is as far as the 
radius on the edge, the oil will escape too easily into 
the crankcase from the ends of the grooves, and the 
big-end bearings will therefore be starved and will wear 
and ultimately fail 

Pig. 11 shows a finer without grooves. Pig. 10 shows 
a wavy groove, and Pigs. 9 and 15 show the common 
crossed grooves, an oil-hole being generally provided at 
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the crossing point. The arrangement shown in Pig 16 
is often considered better than the crossed grooves. 

Grooves may be cut by the round-nose chisel shown 
in Pig. 17. The bearing must be firmly but carefully 
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Fig. 17. Round-nose Chisel Fig, 18 Marking Big- 

end Components 


held, and a light hammer used. Burred edges must be 
scraped down. 

AU parts of a bearing must be carefully numbered 
to ensure correct assembly. This is generally done by 
the makers, and when replacement parts are fitted they 
should be similarly marked. Fig. 18 shows the method 
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marking all the components on the big end at the 
ird oyhnder from the front on a Rover six-oylinder 
Lgme. Where number stamps are not available, a 
ntre punch, chisel, or sharp file may be used. 

In some oases the bearings are only roughly fitted 
the journals, but are left tight and are ‘‘ burnt in.” 
le engine is run without oil, or the crankshaft is 
iven from some external source of power, until the 



irings heat. They are then allowed to cool down, 
e running operation is repeated until the working 
•faces are rubbed level and bright, the tightness of 
) bearing being varied as required by removing shims, 
by the use of the file on the abutting edges. 

The best results are obtained by hand scraping the 
3rs. The crankshaft journal is cleaned and smeared 
ih Prussian blue (from an artists’ suppher), or with 
lead or lampblack mixed with oil The bearing, 
er being completely assembled and bolted up firmly, 
vorked to and fro several times When taken apart, 
high points on the liners will be clearly marked, as 
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shown by way of example at {A) a in Fig. 16 The 
marked parts must be removed by the scraper, as illus- 
trated in Fig. 16. These operations of fitting to the 
journal and scraping must be repeated until only 
small gaps are left between bearmg pomts, as shown 

at {B) in Fig. 16 At the 
same time, and this is 
of equal importance, 
shims must be removed, 
or the abutting edges of 
the hners must be filed 
or scraped to give just 
a sufficiently tight fit on 
the journal when bolted 
up hard. Never use 
emery cloth or powdpr 
or any abrasive on the 
working surface, os the 
bearing or journal may 
be ruined thereby. The 
abutting edges may, 
however, be rubbed 
down on a sheet of 
emery cloth resting on 
a flat surface, this 
method being shown m 
Fig. 19. In the case of a connecting rod, this fit 
may be tested as shown m Fig. 20. The bearing, while 
holding to some extent, should allow the connecting 
rod to swing over under its own weight. 

Fig. 21 shows a suitable scraper made from an old 
file, the roimded end being ground and preferably 
fimshed on an oilstone. 

PISTONS 

At the present day, cylinders are invariably made of 



Fia 20. Thstinc Fit of Big 
End Bhabing 
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oast iron, while pistons are made either of oast iron or 
of aai aluminiiun alloy. Cast iron pistons are most 
generally satisfactory, and present less difficulty m 
fitting. Aluminium, on the other hand, is lighter, and 
has therefore advantages over cast iron for high speed 
engines, although it presents difficulties of design 
and ■workmanship, and does not wear as well as cast 
iron, 

A specially light pattern of cast iron piston is shown 



in Pig. 22. The internal ribs give strength to the cro’wn 
and walls, and allow the walls to be oast very thin. 
Tins piston is made by Messrs. Laystall. 

Alumimum alloy pistons are of greatly varying design, 
as they are stiU in the development stage. Many 
designs include saw cuts to form an insulating an gap 
separating the heated cro'wn from the skirt. An 
example, made by the Light Production Company, is 
shown in Pigs. 23 and 24 

The crown of the piston is exposed to the full pres- 
sure and very high or flame temperature of the hot 
gases. Under working conditions, it expands more than 
the cylinder walls and more than the skirt. When both 
cylinder and piston are cold, the clearance of the skirt 
in a cast iron piston, that is the difference in diameter 
between piston and cylinder, should be between -00075 
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and *001 in. per inch of diameter. Thus a piston 3 in. 
in diameter should have not more than -003 in. cleaJr- 
ance A three-thousandth feeler gauge should only 
just enter between the skirt and the cylinder wall. 
The upper part of the piston, owing to its greater 
clearance, is given substantially more clearance (see 

I 


Fio 22 LaystaUj Cast-ibon Piston 

Pig. 26, in which this effect is greatly exaggerated). 
The clearance at the head may amount to -003 or even 
more per inch of diameter When these clearances are 
substantially exceeded as the result, for instance of 
wear, the pistons may knock as they move from side 
to side, particularly when they are cold at starting. 
When the clearance attains about *0025 in. per inch of 
diameter, the cylinders should be reground and new 
oversize pistons fitted. 
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The cleaxanoes mentioned above for cast iron pistons 
are safe for all conditions, but some manufacturers do 
not follow them exactly Hard and fast rules cannot be 
laid down, as different designs of engines differ sub- 
stantially In general, smaller clearances should not be 
used unless the pistons 
are fitted very care- 

fully to avoid high ^ , T # I # ^ ^ 

spots To do this, in- L — I i r ' \i 

sert the piston in the ® 2 

cylinder and work it S i * » S 

well round. Then re- ^ \ ® 

move and take off the <j) q 

high spots, which wiU © » © ^ 

show bright where it ^ ‘ ® ^ 

has been binding , use tLi ln I ■ | II 
a fine file and finish i 

with fine emery cloth 
When the pistons can 
be pushed through 
without binding, they 
should be connected ^ 
up to the crankshaft, 
and the engine run 
slowly for two hours, 
using plenty of oil In 
the case of motor 
vehicle engines, an pjog 23 and 24 Aluminium Piston 
engine speed equiva- 
lent to 20 miles per hour on top gear should not be 
exceeded for at least 200 miles. 

Clearances in the case of aluminium alloy pistons 
vary greatly with the design, and the manufacturer’s 
advice should be followed in each case. All alumimum 




alloys expand much more rapidly with heat than cast 
ron, and the clearances when cold must therefore be 
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Smallest 

DiamebeP 


substantially greater. For pistons with sohd skirts, 
•0016 in. per inch of diameter is a fair average value 
The clearance at the top of the piston is, of course, 
greater. When the skirt is split the clearance may be 
substantially less, as yielding then takes place during 

expansion, and the piston 
cannot readily bind in the 
cylinder. 

There are many designs of 
aluminium alloy pistons in- 
tended to overcome the ex- 
pansion difficulty, that shown 
in Pigs. 23 and 24 being one 
example. The two faces M 
which take the side thrust 
are separated from the hot 
crown by saw outs L ; the 
side faces N are joined on as 
usual to the upper part, while 
a senes of small holes partly 
msulates the parts M and N. The piston changes its 
shape shghtly as the temperature rises just sufficiently 
to compensate for the higher rate of expansion of the 
aluminium alloy of the piston over the cast iron of the 
cylinder. 



.JL.J. 

Fig. 26 Piston Clbabanob 


PISTON RINGS 

Piston rings are fitted to a piston for two main pur- 
poses. They are intended to keep the hot gases and 
any imbumt fuel from passing downwards, and must 
also prevent lubricating oil from passing upwards 
while permitting proper lubrication of the cylinder walls 
and pistons. 

Piston rings are invariably made of cast iron, the 
beat rings being made from centrifugal castings ; that 
is, the annular castings from which they are turned 
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i parted off are cast in rapidly rotated moulds, so 
bt centrifugal force is utilized to obtain a close firm 
ting. 

[*116 rings must fit the cylinder walls and the sides 
the groove closely, 

I they must be 
htly shallower than 
grooves, so that the 
;on cannot force 
m sideways against 
cylinder walls. 

‘he grooves in the 
on must be cleanly 
led with sharp cor- 
!, and the rings 
ifuUy fitted to the grooves The method of tiying 
one in the other is shown in Fig* 26 The ring 
t fit without slack, but quite freely at all points 

when rolled 



Fio 26. Tryino Piston Bings 



round 

groove 


Emery 

Cloth 


" 7 “ 

Class ^ 

'iG 27 Robbing on Emery Cloth 


the 
Manu- 
facturers now 
cut the piston 
grooves and 
grind the faces 
and edges of the 
rings to gauge, 
so that they fit 
without hand 
work ; but in 


•epair shop individual fittmg of each ring to its 
TQ is often necessary. The edges of the rings may 
ised and finished by rubbing them gently on a 
of fine emery cloth (Fig 27), stretched over a 
plate or a sheet of plate glass or glued to a flat 
1 . 


-(5515) 
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Piston rings axe to-day practically always of the con- 
centric type, that is, of imiform depth all round. When 
the groove is cut and they are sprung into the cylinder, 
they should at first be left slightly overlapping. The 

lower ring in Kg. 28 







LF^ 


Fig. 


Fteung Piston Bings 


illustrates this. The 
ring wiU in all proba- 
bility be found to bear 
hard close to each side 
of the gap and on the 
opposite side, and to 
be clear of the walls 
at intermediate points. 
The high points may be 
carefully removed with 
a fairly fine file until the 
ring is bearing more or 
less aU round ; the gap may then be enlarged until it 
is * 00610 . when the ends are in line, as shown in the 
upper part of lig. 28. This gap allows the ring, which 
becomes hot, to expand 
more than the cylinder 
walls without binding. One 
method of holding the ring 
in the vice while filing the 
ends is shown in Fig. 29, a 
wood strut A being inserted 
to spread the ends apart. 

If the filing of the face 
has been carefully done, the 
ring is often left to run 
itself in when the engine is 
put into use, but a better fini sh and fit may be obtained 
by lapping. In this process the ring is worked to and 
fro in the cylinder, using an abrasive mixture of car- 
borundum and oil or crocus powder or valve grinding 



Fig. 29 
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compound, the abrasives used being the jQnest obtain- 
able. Emery powder is not suitable for this work, as 
the particles tend to embed themselves in the metal 
and cause undue wear subsequently, 

During the lapping process, the ring may be held in 
an old piston, or secured to the end of a cylindrical 
block of wood specially turned for the purpose, as 
shown in Pig. 30. The ring is held on a reduced part 



at the end by a hght cross-bar secured by a wood 
screw. In this, as in all other oases where an abrasive 
is used, the greatest care must be taken to remove aU 
traces by washing carefully with paraffin or petrol. 

Considerable care is necessary when removing rings 
from or replacing them m the grooves, as they are 
easily broken or may be distorted so as to render them 
useless. If any difficulty is experienced, the use of 
three strips of thin metal is recommended (Pig. 31). 
If two of these are inserted between the ring and the 
piston, one on each side of the gap, and the third is 
similarly used on the opposite diameter, the ring can 
easily be shd on or off or moved over an intervening 
groove. 

A certain amount of oil is thrown on to the cyhnder 
avails by the connecting rods and is necessary for lubrica- 
bion, but too much may pass above the piston and cause 
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trouble. Various constructions and arrangements of 
rings are adopted to scrape the surplus oil off the 
cylinder walls. In Fig. 23, it will be noticed that the 



lowest of the three ring 
grooves is connected with 
the interior of the piston by 
a number of small holes. 
The surplus oil scraped off 
the walls on the down 
stroke is discharged inwards 
through these holes. A 
similar, but somewhat more 
effective, arrangement is 
shown in Figs. 25 and 33. 
A special scraper groove 
and ring is sometimes pro- 
vided at the lower edge of 
the piston skirt. 

A scraper ring is most 


Fig. 31. Ring Removal effective when it has a 


narrow periphery or face 
engaging the cylinder wall with a sharp edge for scrap- 
ing downwards The Rover scraper ring (Fig. 32) is 
tapered wdth this object, and must always be placed in 
its groove with the . 
narrow side upwards. ! 

This can be verified 
by the two centre 
dots (indicated by 

arrows) on the top j j 

face of the ring i 

Several effective oo « 

, . . Fig. 32 ScaAPBR Ring 

patterns of scraper 

rings are shown in Fig. 33, A, R, and C, that shown 


at B having a circumierential recess and slots passing 
right through to the inside. Ring A should always 
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be arranged as shown with the chamfered edge 
upwards. 


GUDGEON PINS 

Piston pins or gudgeon pins may be fixed in the 
piston or in the small end of the connecting rod, or 



Fig 33. Sorajer Rings 



Fig 34. Removing Gudgeon Pin 


may float or work m either. Case-hardened steel tubes 
are invariably used. 

When the gudgeon pin is fixed in the piston it is 
often made a light push fit. Two methods of forcing 
the pin in or out are shown in Pigs. 34 and 35. In the 
former a long bolt and large and small tubes A and B 
of various lengths may be used as required. In the 
method shown in Fig. 35, a bolt a screwed through a 
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plate b held by metal strips c pushes the pin into or 
out of the piston. A vice with widely opening jaws 
may be used in a somewhat similar fashion, but the 
piston must not be gripped directly in the steel jaws. 
It is safest to use lead clamps, although sheet brass, 
copper or zinc clamps may serve if care be taken. 

While the gudgeon pins must not easily move when 
once pushed m, they must not be tight enough to 
require any substantial force to insert them. The cor- 
rect fit is known technically as a push-fit, and is such 
that the pin can be pushed into the hole, but will not 
be free enough to turn without seizing. A push-fit for 
pins and holes of the diameter in question may be 
expressed in figures as follows: the pin should be 
smaller than the hole by at least *00025 in., and not 
more than *00075. These figures are termed the 
“ allowances ” for a push-fit. 

A fixed pin may be made a somewhat easier fit — a 
good running fit — and held by a set-screw entering one 
of the bosses in the piston (Pig. 36). The tapered end 
of the set-screw should jam in a corresponding hole in 
the pin, and the set-screw should be locked by a split 
pm or cotter pm. 

Should a gudgeon pin for any reason work loose, and 
move endwise, the end would in all probability score 
the wall of the cylinder and do considerable damage. 
To prevent this possibility, plugs of soft metal, such as 
copper, brass, or aluminium, are often inserted into 
the ends of the gudgeon pin holes. They are tapped 
lightly to jam them into position, as shown at A, 
Pig. 36, and only make contact with the cyhnder walls 
in an emergency. 

Somewhat thicker plugs may be used similarly to 
prevent end movement of floating gudgeon pins. 

Pig. 37 shows a method of fling the gudgeon pin 
in the small end of the connecting rod, bronze bushes 
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being fitted in the piston. The clamping screw engages 
a slot in the pin and clamps the split end of the con- 
necting rod on to the gudgeon pin, which is further 
held in position by the screw engaging a groove on one 
side. The screw must be tightened by a box spanner, 

and may be locked by 
a spring washer and 
split pin or wire. The 
Morris gudgeon pin, 
Fig. 38, is fitted in this 
way. 

Gudgeon pins work in 
bronze bushes in the 
end of the connecting 
rod or in the bosses of 
the piston. Although 
the forces transmitted 
are considerable, there 
is very little rubbing 
movement and corres- 
pondingly little wear. 
The wear which -does 
take place is leirgely in 
the bush. 

The most convenient 
method of inserting and 
removing gudgeon pin 
bushes requires a vice 
with sufficient opening 
(Fig. 39), and short 
lengths of tubing of suit- 
able dimensions. The 
smaller piece of tube 
must be a little smaller 
externally than the ex- 
terior of the bush, while 




Fig. 37. Shotjrdstg Gudgeon 
Pin in Connecting Rod 


Fig. 38. Piston and 
Connecting Rod 


The bushes are turned a driving-fit, so as to be 
gripped firmly when pressed in. They should be bored 
a httle larger than the pin to allow for the closing in 
when they are forced into the rod. When new or after 
renewal of bushes, the pm and bush should hold slightly, 
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> that when the piston and oonnecting rod are held 
jrticaUy the connecting rod should not move, but 
lOuld faU under its own weight when pushed 10 or 
) degrees from the vertical. Fig. 38, which shows a 
orris piston and connecting rod, illustrates this point, 
ich a fit may be obtained by reamering out the hole 




Figs 39 and 40. Two Ways of Removing 
Gtjdgeon Pin Bush 

by driving the gudgeon pin in (when the two are 
arly right), so as to burnish the surface of the bronze, 
le pin may be eased in when applying this last 
3thod by a scraper if too much force appears to be 
cessary. 

A small amount of wear can be taken up and a good 
obtained by removing the bush, tinning the outside 
solder and forcing it in again This 'wiH close the 
sh in slightly on to the pin. Care must be taken 
at the tinning is uniform, and that the bush is 
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replaced in exactly the same position as before. To 
ensure this, the end of the bush and an adjacent point 


on the rod should be marked, as for 
instance, by a centre punch. 

HSTON AND CONNECTING ROD 
ASSEMBLY 

The pistons and connecting rods 
must be connected finally to one 
another, and the big-end bearings ready 
for assembling finally to the crank pins 
before the pistons are inserted into the 



Fig. 41 . Piston Bing Compbjbissor. 

cylinders. It is preferable to insert 
them from the lower ends of the 
cylinders, since there is generally a 
good slow chamfer which closes in the 
rings as the piston is pushed in. When 
the piston is made without a chamfer 
either at top or bottom, the rings must 



be closed before they will enter the piQ. 42 Anothhb 


cylinder. No force must be used to BrNoCoMPMsssoB. 
drive the piston m ; the rings should 
be so well closed that the piston will slip in without 
effort. Each ring may be closed in its turn by a 


piece of string which wiU slip off as the ring enters 
the cylinder. The rings may be closed in by the clamp- 
ing device shown in Fig 41. The bent ends and the 
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tongues on the edge prevent the clamp from being 
drawn into the cylinder as the piston is pushed in. 

A piston ring compressor adaptable for any usual 
size of piston is to be preferred for general use. The 
“ Beacon shown in Fig. 42, is of this type, adjustment 
being effected solely by a wing nut. 

The piston and rings before assembly in the cylinder 
must be thoroughly cleaned by washing with petrol 
and then well oiled, since oil ■v^ not work up to the 
upper rings and upper part of the piston until the 
engine has run some time. 

Care must be taken that the pistons are not pushed 
through too far as the top ring may spring out, and in 
some engines would be very difficult to put back. 

The gaps in the case when three rings are used 
should be spaced out equally round the piston before 
assembly. When two rings are used, the gaps should 
be diametrically opposite. 

JOINT-MAKING 

Methods of making the various gas, water, or oil- 
tight joints found on petrol engines vary according to 
the purpose of the joint, and the condition of the metal 
surfaces. 

Where the surfaces are truly flat and well finished, a 
coating of gold-size, with or without brown paper, may 
be all that is necessary ; but where the surfaces are 
very rough or out of truth, a thick jointing material 
such as cork may be essential. Instances requiring the 
use of cork occur in roughly-finished sumps of cast iron 
or aluminium, or in pressed steel sumps where the 
flange is thin and easily deformed by the securing 
studs or bolts. 

Where the cyhnder casting is separate from and is 
bolted down to the upper part of the crank chamber, 
the metal surfaces must be a good fit to avoid any 
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strain or distortion of the parts. If this result has not 
already been achieved by accurate machining, the sur- 
faces must be jSled or shaped to fit, the high places being 
indicated by the usual mixture of red lead or lamp- 
black with oil, A rough file should not be used. This 
is, of course, a comparatively rough job not comparable 
with the fitting of a bearing to its journal, the object 
being merely to obtain a sufficient number of bearing 
pomts so well distributed as to avoid strain. This 
joint has merely to be oil-tight, the oil not being under 
pressure, so that gold-size (with or without paper) or 
other jointing compound is sufficient. In many engmes 
the cyhnders and the upper part of the crank case are 
made in one, so that this joint is eliminated. 

Nearly all modem petrol engines are made with 
detachable cylinder heads The joint must be proof 
against leakage of the hot geises, which are at a very 
high pressure, and also the cooling water. The water 
is not under pressure, but is much more penetrating 
than air or gas. 

Pig. 43 shows the Morris detachable head and the 
jointing gasket lifted, the valves, ports, and the water 
circulating passages being visible. In view of the high 
temperatures to which the jomt is subjected, asbestos 
IS essential as the basis for the copper-asbestos gasket. 

When hfting the head, care must be taken to avoid 
damaging the gasket or the edges of the metal faces. 
A screwdriver or chisel should not be driven in to break 
the jomt. The head if stuck down fiirmly can be 
loosened by rapping it in several places with a raw-hide 
hammer or wooden maUet, or a steel hammer with 
wood interposed. If the compression is good, the 
engine may be turned sharply by hand, with the switch 
'‘off,” when the compression pressure wiU probably 
break the joint. 

When the head is loosened, it may readily be removed 
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if set bolts have been used for bolting it down When 
studs are used, greater difficulty is often experienced, 
and care must be taken to lift it evenly without tilting. 

Projections are sometimes formed on the head near 
the joint to enable a large screwdriver or a tyre lever 
to be used to lever the head up without damaging the 
gasket. The head may also be lifted by standing over 



the engine and grasping the water connection or other 
fittings. Attachments such as Tee-headed tools screwed 
into the holes from which the sparking plugs have been 
removed may also be used for this purpose. 

Special tools are sometimes provided, an example 
being shown in Fig. 44 in connection with an Austin 
engine. Screwed spindles with tommy bars are inserted 
in place of the two end sparking plugs, until their ends 
find a firm bearing on the top of the oybnder castmg. 
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They are then turned together so as to lift the head 
uniformly. 

Before placing the detachable head in position, the 
surfaces must be carefully scraped and cleaned. In the 
case of new work, the ^sh should be such that no 
fitting IS necessary, but instances occur, in connection 
with both new and old work, where some attention 



may be required. A scraper should be used in prefer- 
ence to a file, and attention should bo given particularly 
to the narrow parts between cylinders and round the 
water passages. 

An old gasket may be used again if it has not been 
damaged in any way. Care should be taken whon a 
new gasket is employed that there are no burrs round 
the stud holes, and that the gasket clears the cylinder 
bores 

It is advisable to coat the set-screws or studs lightly 
with a graphite grease to prevent rusting or corrosion, 
and to ensure ready removal when necessary at a 
later date. 

Manufacturers differ in their advice as to the use of 
a dressing on the gasket. In some cases, when the metal 
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aces are particularly well finished, nothing may be 
needed, or a httle grease on both sides may be suflfici- 
snt. In general, both faces of the gasket should be 
jiven a thin even coat of gold-size or boiled linseed oil ; 
>r the special jointing compounds made for this purpose 
aay be used. 

When the head is in position, the nuts or studs 



!E^Gts. 46 AND 46. Obdeb or TiGHXBNiNa Oyundhb 
Head Studs 


aould all be screwed on finger tight, and should then 
e fastened down each a little at a time and m such a 
squence that the head is tightened down uniformly, 
typical examples of the best sequence to follow is 
aown in Pig. 46 in connection with a Triumph 
>'ur-oylinder engine, and in Pig. 46 in connection with 
Wolseley six-cylinder engine. In each case a start 
made at or near the centre, and the nuts are there- 
Etier tightened oppositely in pairs working away from 
xe centre. Each nut should only be tightened a httle 
fc a time, say half a turn at first, so that aU the nuts 
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win be gone over several times, the order given being 
followed on each round After the engine has been 
warmed up by running a short time, it will be found 
that the nuts can be tightened up a little more 

The joints between the exhaust mamfold and the 
cylinder casting or cyhnder head must be made with 
asbestos. This applies also to any other exhaust 
joints. Copper-asbestos gaskets or compressed asbestos 
as supphed in sheets is preferable to soft asbestos sheets. 
Gold-size or sheUao dissolved in methylated spirit or the 
special heat-proof jointings may be used. 

For the inlet mamfold and for all carburettor joints, 
asbestos may be used, but the softer materials enable 
tight joints to be made more easily without any dress- 
ing ; some of these materials have a rubber basis and 
wiU not stand heat. 

For other oil and water joints, such as those on the 
oil pump, water pump, and oil filter, thick brown paper 
dressed on both sides with gold-size is quite reliable. 

VALVES 

Conical hft valves or poppet valves in the case of 
four-stroke engines are generally used, and may be 
arranged at the side opemng upwards, or overhead 
opening downwards The necessity for careful fitting 
and adjustment will be apparent when the strenuous 
conditions under which they work are appreciated 
Both the inlet and the exhaust valves when seated 
have to withstand the flame heat and high pressure of 
the burning mixture, and the exhaust valve is opened 
in opposition to what is still, after expansion of the 
hot gases, a considerable pressure. Each valve is 
lifted rapidly by a cam and lowered by a spring 1000 
times a minute in the case of a motor-car engine fitted 
to a car doing about 30 miles per hour. 

A side valve complete with its operating mechanism 
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as Tised on Morris four-cylinder engines is shown in 
Fig. 47. 

An example of an overhead valve operated through a 
push rod is that fitted to Star engines (Fig. 48). 

The Morris six-cylinder engme (Fig. 49) employs an 
overhead camshaft, and eaoh valve is operated by an 



angle lever or rocker, all the rockers being jonnialh‘d 
on a fixed shaft running lengthwise of tlu^ engine and 
above the camshaft. 

The primary functions of a valve are twofold- (1) 
It must close and seal the vaJvo port against escape «>f 
the mixture, and (2) it must, wlien required, lift 
rapidly, give a clear and unobstructed passage for llie 
flow of incoming mixture or the escape of liiirnt gns(‘s. 


117 — ( 3515 ) 
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and then close sharply. The stem must fit its guide, 
particularly in the case of the inlet valve, since air 
drawn in through a leaky valve guide upsets oarbura- 
tion and the running of the engine. 

Modem valves are generally made solid, and of 
3 per cent nickel steel or other hard heat-resisting 



Fig. 48 Stajr Ovubhhad VaiiVh GnAit with 
Pttsh Rods 


steel alloy, such as tungsten, nickel-chrome, or chrome- 
vanadium steel. At A and G m Pig, 60 are shown two 
examples of valves as they fit on their seats when new, 
while at B and D are shown, in a somewhat exaggerated 
manner, the results of repeated grindings. The valve 
at jB is said to be pocketed. In either case, the valve 
wiU not be likely to seat properly and tightly, and when 
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open ■wiU give a reduced and obstructed passage for 
the mixture and hot gases. 

When this stage of wear has been reached, the coni- 
cal surfaces on the valves require refacing or the valve 
seats require reseating, or both may be necessary. In 
some cases new valves may be required. If new valve 
stem guides are necessary owmg to wear, reseating of 



Fia. 49 Mobbis Vaive Geab with Ovbbhhad 
Camshaj't 

the valve faces should be done after the new guides are 
in place. 

The pocketed valve seat shown at B, Fig. 60, may 
be refaced conically, in which case it will be rather 
wide, or the surplus material may be removed as shown 
at E. A number of tools is available for this purpose, 
of which a selection is illustrated. 
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The J. and S. combined reseater and valve refacer 
is made in several sizes, and when used for reseating 
(Pig. 61) may be fitted with stems of any diameter to 
suit the valve guides. It must be forced down and 
rotated carefully and steadily by hand. The internal 
cutter is used for refacing valves, as showm in Pig. 52. 



Fm. 60 Vaivuj Wbah 


The Universal reseating tool (Pigs. 63 and 54) made 
by Mann, Egerton & Co., consists of several conical 
and flat steel cutters and a handle, adapted to be 
screwed into the one required for use. The double- 
coned stem, made in two parts, screwing one into the 
other fits on to the ends of the valve stem guide. The 
plain stem projects up through the valve seat, and the 
hoUow handle fits on it so that the cutter is kept central 
with the guide. The cutters ore ground flat on the 
sides to allow for insertion through small valve pockets. 
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[t IS better to obtain a new valve than to spend much 
le refacing a badly worn or distorted valve, 
Pimgsten valves which have specially hard faces 
y require grmding, and attachments or brackets are 
)d by means of which the valve stem may be held, 
i the valve rotated against an emery wheel driven 
hand or power. 

halves may be skimmed up in a lathe, care being 



Fig. 61. J and S Vaivb Fig. 62. Refacing 

Reseating Tool Valves 


311 that the stem runs true, and that the tool rest 
it at the correct facing angle. 

Then the valve seats and valves have been accur- 
y made and fimshed, httle or no grinding of the two 
ither may be necessary. The best results are, how- 
% obtained by grindmg for new work, and it is, 
eover, a normal and fairly frequent repair opera- 
if the valves are to be kept in good condition, 
seats and face both become pitted in use as a 
It of the severe heat conditions, the exhaust valves 
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being most afiected owing to the flame rushing past the 
face during the early part of the exhaust stroke. 

The best gas seal is obtained with a narrow bearing 
surface, a width of between ^ and in. being most 
satisfactory. The narrow surface beds down closer 
than a wide surface, and remains longer in good 
condition. 

Valve grinding paste or compound consists of car- 
borundum powder with an oily bonding medium, and 



Fig. 63. “ XJNivijjRSAij ” VaiiVh Rbsibating Tools 


is obtainable in coarse and fine grades ; it is often not 
necessary to use the coarse grade compound. The 
finer grades, even if they may not cut so quicldy, give 
better final results, and should in every case be used 
for finishing. 

The valve, the seat, and the valve stem guide should 
be carefully wiped clean with a rag soaked in paraffin, 
and the faces of the valve should be given a touch of 
the grinding compound at intervals. 

The valve is then put into position, and twisted 
backwards and forwards in its seating. It should not 
be pressed too hard, only a moderate force being 
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lired. A screwdriver engaging a slot in the head 
lie valve may be used, but sometimes a special tool 
equired, as m some of the Morris engines where 
1 valve has two holes. A brace or other tool giving 



Fig. 64. VaiiVH Rbshating 

binuous rotation is not good, as it is liable to cause 
)ves. 

7 b now come to the secret of good valve grinding. 

' valve should be lifted clear of its seat after every 
twists. This prevents the compound form working 
► oircular lines and cuttmg fine circular grooves, 
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whaoh would make it impossible to obtain a good gas- 
tight fit. 

To lift the valve in the most convement way, a hght 
helical sprmg is fitted under the head as shown m 
Fig. 56, which illustrates a side-valve engine with the 
cylinder head removed The spring is compressed into 
the port when the valve is pressed down, and raises 
it when the pressure is relaxed. The compound then 



Fig. 66. Valve Gtunding 


spreads out across the face, and the formation of hues 
or grooves is avoided. The compound may also at 
times be spread across the face by the finger. 

With a new valve, or one that has not been neglected, 
a few minutes’ work should produce an even smooth 
matt-surfaced ring, running the whole way round both 
valve seat and v^ve face. The grinding must remove 
aU signs of pitting, that is, all small black specks or 
hollows. If the pittmg is very deep, the valve must be 
trued up by a cutter or by grinding as above described, 
but this should not be necessary unless the valves have 
been allowed to go for long periods without attention, 
or unless repeated grindings have brought about the 
conditions illustrated in Fig. 60. 

When the regrinding has been completed every 
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tide of abrasive must be removed, as any particles 
in the engine and getting mto the working parts 
;ht cause serious trouble. Rag soaked in paraffin, 
nentioned previously, should be quite effective. 


VALVE GUIDES 

n some engines, particularly motor vehicle engines 
^erican origin, the valve stems work direct in the 



66 Insebting Vaxve Fig. 67 Removing Valv^b 

Stem Guide Stem Guide 


nder or cylinder head casting, but in. nesirly all 
dsh designs, detachable valve stem guides are pro- 
id. These are made of bronze, and are generally 
sed into position. With all new work, the parts 
lid come from the machines to the fitter ready for 
mbly, but the fitter may have to verify that the 
e stem guide and the valve seat are true with one 
;her. 

ery little wear on either the valve stem or the guide 
. for attention, as mentioned previously, in view of 


1834 WORKSHOP PRACTICE 

gas leakage. Where there is no separate valve guide, 
the hole should be reamered out in. oversize, and a 
valve with a corresponding oversize stem fitted. If 
excessive wear has taken place, it may be necessary 
to reamer the holes in. oversize, and to fit corre- 
spondingly larger valves. No attempt should be made 
to drill the holes large enough to take separate guides, 
as there would probably not be enough thiclmess of 
metal in the main casting to enable sufficiently stout 
guides to be fitted. If the guides are too thin they 
would not hold firmly when forced in and would not 
last long. 

The methods adopted for forcing in or removing 
detachable guides depend upon constructional 
features. Screw or small hydraulic presses, if avail- 
able, can often be utilized. The simplest method, but 
one req[mring special care, utilizes only a special punch, 
as shown in Fig. 66. Another simple method (Fig. 67) 
requires a screwed rod or bolt, a wa;sher or bridge 
piece A, and a short length of tube R, or a bridge 
piece C, 

VALVE SPRINGS 

When a valve is put into position with the spring 
round it, more force is required for compressing the 
spring than it is convement to apply by the fingers ; 
valve spring compressors or lifters are therefore neces- 
sary. A simple lever, with a forked end resting on 
a block of wood of suitable thickness as a fulcrum, 
is often sufficient, but the special tools, of which a 
number of patterns is available, are generally more 
convenient for most engines. 

Fig. 68 shows a simple U form with a screwed adjust- 
ment in connection with a Standard 9 h.p. engine. 

Fig. 69 shows the “Millenium,” giving a parallel 
motion of the jaws and operated by a butterfly nut. 
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Fig. 60 shows the “ Nesthill/’ a simple lever pattern 
vith a hinged strut as fulcrum, alternative length 
jtruts being available. 

Fig. 61 shows Messrs. Grerrard’s “ Instanto,’’ which 
s adjustable for difEerent engines. An aluminium cap 
'ests on the valves, and is connected to the frame by 



Fig 68 Vaxve Spring Compressor 


inkwork which is self-locking when the spring is com- 
pressed. This apparatus holds the valve on its seating, 
ind compresses the spring at one operation, so that the 
jotter can be at once removed or inserted. 

Various forms of cotter or other locking device for 
lolding the spring and valve in position are used 

The various parts of the six-cylinder overhead 
Moms valve are shown in Fig. 62. The small safety 
jlip A prevents the valve from dropping through the 
;uide when the spring is removed. Care must be taken 
vhen assembling to arrange the retaining caps the 
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right way round, as one of their functions is the 
retaining of the spiing centraJly of the valve. The 
hoUow side of the cap .B receives the end of the spring. 



Fig. 62. Mobkis Overhead Vadvb Pabts 



Fig. 63. Standard Overhead Vadve Parts 


while the hollow side of the cap G abuts against the 
horse-shoe cotter D The hardened steel cap is placed 
in position last. Extreme care must he taken to ensure 
that each of the valves after removal is returned to its 
former position. 
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In the case of the 14-28 Standard (Pig. 63), the over 
head valve springs are held by a cotter passing througl 
a slot m the valve stem In this case, two springs art 
fitted to each valve. 

The Ford side valve springs (Pig. 64) are held ir 
place by a combined cotter and end cap bearing on a 



Fig 64. Ford Side Valvs Parts 


coned end of the valve stem. This design necessitates 
a split guide, which is pushed upwards into position 
after the valve is placed on its seatmg. Removal and 
replacement of worn guides is thus very simple. 

VALVE TAPPETS 

Between the valve-operating cam and the stem of 
the valve, an mtermediate member or valve tappet is 
always provided The tappet is nearly always provided 
with adjustmg means to ensure that a defimte clearance 
is left between the tappet and the end of the valve stem. 
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This clearance is coramoiily, when the engine is cold, 
•004 in. for inlet valves, and *006 in. for exhaust valves, 
but slight departures from these figures may be made. 
The makers’ recommendations should in all cases be 
strictly followed. These clearances allow for the 
increase in len^h of the valve stems, due to heat 
expansion when the engine is running. The clearance 
should be above rather than below those recommended. 



Fig. 66 AnjxrsTrNTO Mobkis Sidh VAiiVo Tappets 

Loosen the look nut while holding the tappet by a spanner engag- 
ing the flats at Its npx}er end. 

Cenlre. While stUl holding the tappet, the tappet adjusting screw may 
be rotated one way or the otber to alter the eleorance 
The look nut may now be securely tightened, care being taken 
that the tappet adjusting screw is not moved relatively to the 
tappet during this operation. 


Greater clearance merely means a slight noise, whereas 
too little clearance may mean that the valve does not 
bed right down on its seat, in which case the resultant 
leakage of flaming gases will quickly score the face of 
the valve and the seat, apart from loss of power. 

The Morris valve tappet (Fig. 47) consists of a 
cylindrical steel body with a disc-shaped end engaging 
the cam, the tappet being a very nice sliding fit m a 
hole in the cylinder casting. Into the upper end of the 
body is screwed the adjusting screw with a hexagon 
end, and this is held in position, when adjusted, by a 
lock nut. The method of adjusting is shown and 
explained in Fig. 66. 

In the case of the Star overhead valve (Pig. 48), a 
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steel ball is interposed between the vertical push rod 
and the end of the adjusting screw R, and care must 
be taken that this is always in position. To adju*st the 
clearance, slacken the lock nut A and adjust screw B 
until the clearance between the end of the rocker and 
the hard steel valve stem cap G is *003 in., when the 
engine is warm. The lock nut must be tightened after 
adjustment. 

The clearance should be tested with a steel feeler 
gauge. In the Star adjustment the *003 feeler sliould 
enter, and the *004 should not enter. 

Some makers fit rollers to the ends of the sliding 
tappets. Cams of a different contour are then neces- 
sary. Tappets in the form of a pivoted lever ai'e 
sometimes fitted. 

Wear between the sliding tappet and its guide will 
result in noise. Removable tappet guides may he 
replaced by new guides, the methods of removal and 
replacement being similar to those employed for valve 
stem guides. When, as is more usual, the tappets work 
direct in the cylinder casting, the holes may be reamcTc^fl 
(iV in. oversize, and oversize tappets fitted. 

VALVE AND IGNITION TIMING 

The modem petrol engine works at such very higli 
speeds that the problem of getting the explosive mix- 
ture and the products of combustion into and out of 
the cylinder quickly enough is a serious one. The 
inertia and lag of the gases is considerable, and, for 
this reason, the valves in general have to open early 
and close late, so as to give a longer open period tlian 
theoretical considerations would suggest 

The design and arrangement of valves, cam gear, 
ports and passages affect the timing, and hence tlie 
recommended timings for different engines varies. 

Eig. 66 shows in skeleton form the position of the 
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crank pin and connecting rod when the several events 
of the cycle take place. The timing figures given in 
this diagram are those adopted for the six-cylinder 
engine of the A.O. (Acedes) car. 



Fia 66 VaXiVts Tiwino on AC (Acedes) Engine 
(5515) 
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Fio GGa Vatae Timing DL\aRAM of Singer JcrNioit 
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The inlet valve opens degrees late, that is, the 
■ank has then moved 3^ degrees past the upper dead 
>ntre, and the piston has moved -14 mm. on the down 
' suction stroke. The inlet valve remains open during 
le whole of the suction stroke, and during part of 
le compression stroke. It closes 33|^ degrees late, the 
ank pin having turned 33^ degrees beyond the lower 
3ad centre. The piston has then moved 6-5 mm. on 
e up stroke. 

Similarly, the exhaust opens 47 degrees early and 
OSes 18 degrees late. The inlet and exhaust are thus 
)en together, or overlap for a short time. 

It wiU also be seen that the ignition, when fully 
Ivanced, gives a spark 35 degrees early to allow for 
>wness of combustion. 

The stroke of this engine is 100 mm., and the diagram 
^es the distance of the piston from its highest posi- 
)n when the different events of the cycle take place. 
The makers’ instructions must be followed in each 
se, since the best valve settings for one engine may 
't suit another. A few examples are given below — 


Enguie 

Inlet 

opens 

Inlet 

closes 

Exhaust 

opens 

Exhaust 

closes 

yl. A C (Acedes) 

late 

33^° late 

47° early 

1S° late 

p. Standard 

10° early 

50° late 

60° early 

10° late 

rman typo 4 M VB 

12° late 

46° late 

46° early 

17° late 

■60 Star 

10° early 

60° late 1 

60° early 

10° late 

p Singer Junior 

8° early 

38° late 

60° early 

S° late 


Methods of driving the camshaft m modern engines 
fer so greatly that only general principles can be 
heated. 

[n some engines with side valves, where the camshaft 
iriven directly at half speed from the crankshaft by 
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toothed wheels, one of the teeth on one wheel is 
marked, generally with 0, and the corresponding space 
on the other wheel is similarly marked. This facihtates 
reassembly 

Where chain gearing is used, whether for a side 


Top Dead Centre Line 



Fig. 67 . Flywhiiel Mariongs 


camshaft or an overhead camshaft, such marks cannot 
be used. 

In most modem engines, the rim of the flywheel is 
marked to indicate at least the dead centre positions. 
Fig. 67 shows the system on the 20 h p. Austin, six- 
cyhnder engine. When the marks 1, 6 coincide with 
the scribed lino on the casing, cranks of cylinders 1 
and 6 are on their upper dead centres. There are 
similar marks for the other cyhnders. These markings 
should be made before assembly, when the flywheel is 
bolted to the crankshaft. It is also desirable that other 
markings should be made on the flywheel giving its 
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position, when other events of the cycle occur such as 
the inlet valve opening. 

Consider, for instance, the case of the Dorman engine 
referred to in the above table. The inlet valve opens 
12 degrees late. This corresponds to 1 J in. on a flywheel 



Fig. 68 Magneto Dhi\t3 Vernier Coupling 


12 in. in diameter. A mark 1 J in. behind each of the 
dead centre marks may therefore be made on the fly- 
wheel. If the crankshaft is very slowly turned until the 
inlefc tappet for, say. No. 1 cylmder is just about to 
lift, the mark referred to should then coincide with the 
line or pointer on the casting IJ in. behind the dead 
centre mark for No. 1 cylinder. 

If the correct result is not obtained, the camshaft 
driving gear must be adjusted as required. This may 
mean shifting the gear wheels round or moving a chain 
sprocket one tooth, or making vernier or other adjust- 
ments of a gear wheel relatively to its shaft. 
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Once the correct timing for one event with one valve, 
such as the inlet opemng, is obtained, the opening and 
closing for all the other valves will l3e correct, owing 
to the accuracy of the cam machining. 

The tappet clearances must be correct before valve 
timing is carried out. 

The drive for the magneto should be so adjusted 
that the contact-breaker points are just opemng to 
give a spark in, say, No. 1 cylinder, when No. 1 crank 
is from 26 to 35 degrees ahead of its dead centre. This 
should be done with the magneto fully advanced. 
The Austin vermer couphng magneto drive, shown m 
Fig. 68, enables fine adjustments to be made. 
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SECTION XXXIII 

GAS ENGINES-FITTING AND 
ASSEMBLY 

INTRODUCTORY 

Gas engines in general differ from petrol engines in 
size, and in being of more substantial construction. 
Speeds are lower and the dimensions of each cylinder 
are greater, while absolute rehabihty over long periods 
of continuous running is essential. 

There is much diversity of types and designs. For 
the majority of gas engines, the four-stroke cycle is 
idopted and the cylinders he horizontally. Vertical 
3ylinder engmes with various numbers of cylinders 
working on a common crankshaft and forming a com- 
Dlete unit are, however, often employed. 

From the fitting and assembly point of view, much 
jhat has been written in the previous section in con- 
lection with petrol engmes is appficable also to gas 
mgines. Attention will therefore be directed chiefly in 
ihis section to features where differences occur. 

Single-oyhnder gas engines are seldom made in 
arger sizes than about 160 h.p. Greater powers are 
)btained by multiplying the number of cyhnders, 
''anous horizontal, tandem, or vertical arrangements 
)eing utihzed. 

There is Httle demand at the present day for engines 
ising the ordinary town coal gas in view of the cheaper 
unning costs of heavy oil engmes. The demand is, 
lOwever, still maintained for gas engines using blast 
iirnace gas and suction gas produced from refuse of 
arious kinds. Oil engines for oil producing districts 

1849 
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are also often supplied with a breech end adapted to use 
natural gas until the supply is exhausted, after which 
a breech end suitable for oil is fitted to the engine. In 
the smaller sizes used, for instance, for small electric 
lighting installations, the engines are made readily 
adaptable for the use of coal gas, petrol, or paraffin. 

As mentioned in connection with petrol engines, 
modern manufacturing methods aim at the ehmination 
of hand fitting by careful and accurate machining. 
This aim has been very largely but not fully achieved , 
it has however, had some influence on repair work also, 
since it becomes cheaper to use manufacturers replace- 
ments made accurately to gauge, than to make and 
fit new parts 

Engines are assembled and run under test by the 
makers, and ore then partly dis-assembled and the 
parts packed separately for transport ; for instance, 
pistons, flywheels, connecting rods, crankshafts, or 
balance weights may be detached and packed separ- 
ately as required from consideration of size and weight. 
Many makers stock quantities of parts, so that spares 
can be readily supplied or engines can be assembled, 
tested, and dispatched at short notice. 

Attention will be directed primarily to what may be 
described as the ordinary type of gas engine, that is, 
single cylinder gas engines which, in the larger sizes, 
require overhead tackle for handling the pnncipal 
parts. 

A general view of such an engine made by Crossley 
Brothers is shown in Fig. 1, and sectional elevations 
in Figs. 2 and 2a, Details of this engine are referred 
to m what follows to illustrate the practice described 

ENGINE ROOM 

The environment of an engme is a matter of the 
greatest importance, and accordingly a typical model 




Fig. 1. CnoBbtEY Hobizontal Gas Engine 
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engine room is illustrated first in Figs. 3 and 4. The 
engine must be arranged with ample room all round 
it, and with its various appurtenances conveniently 
disposed. It is essential that the engine room should 
be well ventilated, particularly where suction gas is 
in use, smce it does not smell as strongly as town 
gas and hence gives less warmng, while it is likely to 
contam more dangerous components or impurities. 
The various parts and accessories shown will be referred 
to, as may be necessary, in the following pages. 

Vertically over the axis of the crankshaft of the 
eylmders are arranged two substantial rolled steel 
joists jB, each adapted to carry lifting tackle for the 
erection of the engine in the first instance, and for 
repair or maintenance work at a later stage. The run- 
ning gear (not shown) in the case of the transverse or 
crankshaft girder should run on the lower flanges, so 
that the upper girder does not prevent a straight run 
through. The girders and the lifting taclde must bo at 
least strong enough to Hft the heaviest engine elements. 
The gas pipe A is connected at some point in its length 
to a gas bag (7, having one side of flexible rubber, the 
object being to make the flow of gas through the meter 
fairly constant since the suction of the engine is inter- 
mittent. Gas engines may be adapted to be worked 
by petrol, a fuel tank B. and a carburettor, with a 
connecting pipe between the two, being then provided. 

FOUNDATIONS 

The foundations must be substantial and built on 
firm sohd ground. If possible, it is desirable to go 
down through made ground to the undisturbed subsoil 
If the ground is of a yielding character, the foundation 
should be extended, but preferably a new site should 
be found. The concrete should be made of 1 part of 
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Figs 3 and 4 Typical Engine Room 
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cement to 3 parts of stones or broken bricks, suffici- 
ently small to pass through a in. mesh, while 2 to 
3 parts of clean, sharp sand to 1 of cement should be 
added. Brickwork should not be used. The concrete 
must be set hard before use 

The top of the concrete foundation should be left 



Pig. 5 HoLDiNa Down Bolt 


rough, and the engine built up on iron packing pieces, 
about 3 in. X 3 in X J in. or larger according to the 
size of engine. The engme should be levelled carefuUy, 
so that it is slightly inohned downwards towards the 
crankshaft end, to facilitate drainage of used oil from 
the cylinder, and it should be set correctly with respect 
to the driven machinery. The foundation bolts should 
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l>e suspended in position in the bolt holes by means 
of their nuts, as shown in Pig. 5, the holes being left 
tapered and rough so that the cement which is filled 
in later will grip well. 

The iron packing pieces C must give a fiat wide 
bearing area, and should be arranged near the bolt 
holes. They should be sufficient to support the engine 
independently of the grouting which should be regarded 



as a filhng. Wedging up by chisels is quite inadequate 
owing to the very small bearing area. Any extra thick- 
ness necessary should be obtained by pieces of sheet 
metal giving the same supporting area as the blocks. 

A clay ridge A to retain the grouting, Pig. 6, should 
be made round the engine bed parallel to the oil groove 
B round the edge of the castmg. A board may be used 
instead of the clay. The bolt holes should then be 
filled with cement, and cement grouting should be run 
in level with the oil groove preferably from the inside 
through holes in the casting, when such are provided 
for this purpose By this method it is possible to see 
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whether the grouting has completely filled in the space 
all round the bed. When the cement has set firmly, 
the engine bed plate will be uniformly supported all 
round, and the nuts on the foundation bolts may be 
tightened up. The oil groove B is provided to prevent 
damage to the concrete, but as a further precaution 
the concrete may be painted. 

When the grouting has partly set, the clay ridge or 
board may be removed, and the cement roimded or 
filled up and generaJly neatly finished. The sole plate 
under the independent third crankshaft bearing must 
be similarly mounted on a concrete foundation and 
secured in position. 

The trenches for the exhaust pipes, etc., should be 
brick lined, and covered with removable iron plates 
level with the floor. They should be wpU drained. 

CRANKSHAFT AIJGNMENT 

In small engines the flywheel, or flywheels, are over- 
hung on one or both sides of the two bearings carried 
by the bed plate ; but in larger engines a third bear- 
ing is provided outside the flywheel and driving pulley. 
The driving pulley is, however, often arranged outside 
the third bearing, this arrangement as applied to 
Crossley engines being shown in Pig. 7. It is essential 
that all the bearings should be truly in line. Any non- 
alignment brings about continual bending of the shaft 
as it rotates. This results in heating and, ultimately, 
in seizing of the bearings, or in fracture of the shaft. 
The strongest shaft is not proof against faulty align- 
ment, and vnU. certainly fracture if run under such 
conditions 

The ahgnment of the three bearings can be tested 
by measurement of the gaps between the webs of the 
crankshaft. 

The method adopted in the case of the Blaokstonc 




Fig. 7. Crobslisy CRANKSHArr, Main Bbajungs 


A — Grarikrimft 

li — ^Flywheel. 
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X — Oiling ring foi ontond bearing 
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engines is shown in Pigs. 8 and 9, the cranksha 
shown supported m the two mam bearings ^ 
the engine bed plate, and in the third indepc 
mounted bearing G disposed outside the flyvn 
The drawings show the method of testing whe 
outer beanng C is too high or too low. Aftei 
bearings have been bolted down to the foun 
the crankshaft (with flywheel) mounted and t 
mg caps bolted on, tests are made with a specif 
gauge supphed with the engine To test vertic 
ment, the engine is turned first into the positio 
m Pig. 8, with the crank pin in its lowest posit 
the gap between the crank webs is tested v 
gauge. The engine is then turned to the 
shown in Pig. 9 with the crank pin in its high< 
tion, and the test repeated If the gauge is 
Pig. 8, and tight in Pig. 9, the outer bearing u 
too low , while, conversely, if the gauge is 
Fig. 8 and slack in Pig. 9, the outer bearing is t 

The bearing must be adjusted up or down i 
gauge slides easily in both positions A simi 
should be made with the crank pin m the U 
zontal positions, to test horizontal alignment, 
bearing adjusted if necessary. 

These tests should be repeated occasionally e 
first erection, since the alignment may be u 
setthng of the foundations. It is desirable th 
should be made at intervals of not more t 
months to guard against breakdown. 

Messrs. (>ossley Brothers advise moasuremei 
gap X between the crank webs with an msid( 
meter, or with a dial micrometer. Pig. 10 st 
a greatly exaggerated manner, the effect due 
outer bearing G being too high. Witli the cran 
the upper position, the gap X is too great, w 
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gap is too small when the crank pin is in the lower 
position. 

Pig. 11 shows in a similar exaggerated manner the 




distortion of the crank shaft when the outer bearing 
C is too low. 

When testing with the inside micrometer, the test 
points on the webs should be marked. These points 
should be taken in the middle of the web, and aliout 
J m. from the edge. 

The dial micrometer should be inserted between the 
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webs when the crank pin is in the upper position The 
adjusting nut should then be screwed up sufficiently 
to prevent it from moving, and the pointer of the gauge 
adjusted to read at zero. The crankshaft should be 
given half a turn and the reading of the dial noted. 
Similarly, readings may be taken when the crank is in 
its two horizontal positions to test horizontal ahgnment. 

The greatest permissible difference between the 
measurements, when the crankshaft is in the two 
diametrically opposite positions, is from three to five 
thousandths of an inch according to size of engine, 
[f these differences are exceeded, the bearmgs must be 
3arefully aligned by adjustment of packing between 
bearing and sole plate, or otherwise according to the 
means provided. 


CYLINDER LINERS 

In all except the very smallest engines, the cylinder 
iner is made independent of the main casting or bed 
Dlate. In the Crossley engines, Eigs. 2a, 12, and 13, the 
mds of the hner are turned a close parallel fit with the 
nain casting. At the crankshaft end, which is com- 
laratively cool, the jomt is made watertight by an 
ndia-rubber ring let into a recess m the hner. Soft 
oap applied to the rubber ring assists when putting 
he liner into position. At the breech end, where the 
emperatures are much higher and the conditions much 
nore severe, the joint is metal to metal with, possibly, 
i, very thin smearing of red lead. The liner is held 
bgainst endwise movement by the breech end, and by 
-he stepped engagement with the main casting. 

PISTONS AND CONNECTING RODS 

Methods of insertmg and removing pistons and con- 
lecting rods are shown in Pigs. 12 and 13 in connection 
vith. the larger Crossley engines 
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The operations carried out when withdrawing tl 
piston and connecting rod will first be described, tl 
reverse sequence being followed when erecting. 

The crank is turned to the vertical position with tl 
bedance weights underneath (Fig 12), and a woode 
bar A is rested across the sides of the bed plate 1 
support the connecting rod after the big end is di 
connected This bar A should be arranged sufficient 
far back to allow the balance weights to clear it whc 



the crankshaft is turned. It should also be clear of tl 
connecting rod by from g in. to J in. 

The big-ond bearing should now l)e disconuecte 
The cap and its lining are removed, and the bolts a 
tapped back as shown, so tliat they cannot touch ai 
damage the journal of the crank pin wlien the bearii 
liners are removed 

The crankshaft may tlieu 1)0 turned sliglitly and tl 
back half liner rotated round tlie journal and wit 
drawn These operations arc shown in dotted lines 
Fig. 12. Further rotation of tlie crankshaft results 
tho connecting rod resting on the bar .4 . 

It is necessary to lower tlu^ crank pin so that tl 
connecting rod may pass lietwct'u tJio crank wel 
The crankshaft is retained in this position by the woe 
packing J3 on which tho balance wi*ights rest (Fig. U 
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This enables the connecting rod to be lowered into line 
with the piston, m which position it is secured firmly 
to the piston by wood packing C. 

To pull the piston outwards some force may be 
necessary. This may conveniently be apphed by a 
lever passed through a loop formed in a rope sling D 
passed round the big end of the connecting rod and 
brought forward between the balance weights. The 



piston should be withdrawn at first only sufficiently to 
expose the first piston ring. 

Another rope sling E is passed round the piston and 
is secured to the overhead lifting gear, the direction of 
the pull being slightly forward so as to assist in the 
withdrawal, the piston being then pulled outwards 
until further movement is prevented by the crank or 
weights If, in this position, the weights prevent 
vertical lifting of the parts, the packing B should be 
removed, and the crankshaft turned until the weights 
occupy the positions shown in dotted lines in Fig, 13 , 
after which the piston may be lifted clear On the 
larger engines, ribs are provided on each side of the 
bed to receive pieces of timber F on which the piston 
may rest when it is withdrawn from the liner 
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The pistons of gas engines, like all other internal 
combustion engines, are slightly tapered, being smaller 
at the back end where the hot gases raise the tempera- 
ture considerably. Over the forward part, the diameter 
of the piston is approximately constant, and measures 
about *0012 in. less than the hner per inch of diameter. 
At the back part, the piston tapers down until it is 
about ’01 in. less per inch of diameter. These are, of 
course, the differences when the parts are cold. 

The piston rings (Fig. 14) are held against rotation 



Fig 14. Piston Ring Showing Pin Slot 


by pins fixed in the grooves, the pins and the ends of the 
rmg fitting one another without gripping when all 
the parts are in position. The pins for adjacent rings 
are spaced about one-third or 120 degrees round the 
piston. 

When removing the rings or putting them in position, 
they should be sprung over four strips of thin sheet 
metal arranged longitudinally, as described in connec- 
tion with petrol engines. Excessive force must not lie 
used as the rings are easily damaged, and will not then 
fit the cylinder or piston 

The big end of the connecting rod is of the marine 
t3rpe as distinct from the locomotive type. Fig. 15 
shows a Crossley comieoting rod, part of which is m 
section. The bearings or brasses D are of bronze, and 
generally have wdiite metal facings about { in. thick 
to give a sufficiently yieldable body. The bearings are 
bored out carefully, so that their axis is exactly per- 
pendicular to tlie centre line of the rod, and are then 
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fitted to the crank-pin journal by hand scraping, using 
a colour indicator for the high parts. Proper adjust- 
ment of the bearings at all times is essential. They 
should be quite free to prevent heating, but must not, 
on the other hand, have enough slack to allow any 
knocking under the impulses of the working strokes 
During fitting, the bearings are scraped to make them 
slacker, and the hners or packing pieces E are filed to 
make the bearings tighter. Alternatively, the ends of 
the bearings may be filed The bearings must fit the 
journals properly when the nuts or the bolts C are 
screwed up tightly. 

The nuts must not on any account be slacked back 
to give working clearance to the bearings When 
tightened up, the nuts are locked by small set-screws, 
each with its lock nut and by split pins As the clear- 
ance is taken up, one or more thm washers must be 
placed between the faces of the nuts and the spht pins. 

No engine should be allowed to run with a percept- 
ible knock due to slack bearings, as a great additional 
load IS thereby put on the big-end bolts, breakage of 
which may lead to a serious and expensive if not 
dangerous accident. New bolts should be fitted if the 
bearings have been allowed to knock, or if there has 
been any seizure of the piston, or in any case after 
10,000 hours running or, say, three or four years use. 
The bolts must be tightened up equally so as to distri- 
bute the loads properly, and care must be taken to 
ensure that they are not twisted or lengthened. If 
kept bright, a crack can be detected at an early stage. 
To facilitate examination, Crossley big-end bolts (Fig. 
16) are marked along their length with a line, and with 
a centre punch mark B. A straight edge may be 
placed along the line to detect twist, or the bolt may be 
mounted in V blocks and a scribing block used for the 
same purpose. The makers supply with their engines 
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articulars of the maximum permissible elongation and 
wist. For example, on a bolt having the dimension 
I equal to 9 in., the maximum extension permissible 
i *018 in., and the maximum twist is ^ in. When the 
olt has been deformed to such an extent that either 
f these figures has been exceeded, new bolts must be 
tted 

Connecting-rod bolts, if of nickel or other special 
teel, should not be annealed Such bolts are made from 
peciaUy heat-treated steel to obtain the best combina- 
lon of strength and toughness. When replacements are 


A 



Fig. 16 Ckossley Biq-end Bolt 


lecessary, new bolts should in general be obtained from 
/he makers If, however, the bolts are made of York- 
shire iron or mild steel, they should be annealed 
ibout once a year to reduce risk of crystallization and 
consequent breakage. 

The small end bearings are of brass, and are sometimes 
iivided like the big-end bearings, but in the case of 
jhe Crossley engines, Fig. 15, the liners are placed in 
i ring-shaped end to the connecting rod. As the 
amount of movement in these bearings is small, and 
:he chances of heating correspondingly less than in the 
case of big-end bearings, white metal is rarely employed. 
The gudgeon pin is held against rotation in the piston 
ind the bearings are fitted to it, as in the case of the 
big end, with freedom but without slack. The bearing 
surfaces are scraped to slacken, and the abutting ends 
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of the bearings or brasses are filed to tighten the bear- 
ings. Alternatively, the liner 0 maybe fied. The bear- 
ings are tightened up firmly by the adjusting screw 
H provided with a lock nut 

BEABIXGS 

The crankshaft or other bearings are fitted with 
liners or brasses of bronze, or of bronze lined with 
white metal. These bearings are all fitted and finished 
substantially the same as the big-end bearings referred 
to in the preceding section. It is therefore unnecessary 
to do more here than to emphasize the necessity of 
careful fitting to obtain a large bearing area and 
accurate adjustment to avoid either knock or tight- 
ness. Lubncation will be dealt with in the lubncation 
section. 


FLYWHEELS 

The flywheels of gas engines, and particularly those 
with one cylinder only, are very heavy to ensure uni- 
ferm speed of rotation. The flywheel must run true 
and be absolutely rigid with the crankshaft. Further, 
since flywheels are always made of cast iron, care must 
be taken in fitting to the crankshaft to avoid strain 
or distortion. 

Flywheels are of three types — 

1 Solid, generally with curved arms to avoid strains, 
due to unequal cooling of the different parts of the 
casting. 

2. Solid rim and split boss. 

3. Split rim and boss 

In the solid type the boss is bored accurately to 
gauge, and the portion of the crankshaft on which the 
flywheel fits is accurately machined to obtain a tight 
fit between the two. 

The flywheel is drawn on to or off the shaft by a 
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^rew puUing gear, the arrangement recommended by 
Crossley Brothers being shown in Eig. 17. The flywheel 
is first placed upright on the floor or preferably is held 
by oTerhead lifting gear, and the shaft is entered as 
far as possible. To ensure correct relative position, the 



key or keys should be entered at the first opportumty. 
The end of the crankshaft should be supported, as for 
instance, by a Vee block and packing case, bench or 
other support. The puUing gear is then rigged up as 
follows: A plate is arranged across the near crank 
wob A , and is connected by two long bolts D to two 
plates G, each arranged across two arms of the flywheel. 
The bolts must be screwed for a considerable part of 
fchoir length. The nuts must be tightened up uniformly, 
putting an equal tension on the two bolts as far as 
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possible until the flywheel is drawn on to its correc 
position. The keys should then be driven in tightly. 

When removing the flywheel the operation is simila 
but the bar is placed across the end of the crankshad 
remote from the crank, and the plates are arrange 
across the flywheel arms on the side near the crank. 

In the case of flywheels having a divided boss, th 



Fio. 18 . Flyvmiekl mith Sit.it Kim vnd Boss 


boss IS bored out to fit the shaft accurately, so tJiat i1 
may be clamped tightly on to the shaft without strain- 
ing the casting. The flywheel and shaft may be held 
as descnbed previously, but it is necessary first tt 
slacken the bolts holding the parts of the boas together 
and to separate slightly the two parts of the boss by 
driving iron wedges between them. This onablus the 
shaft to be entered easily without any puUiug gear 
The keys may then be entered to position the flywheel, 
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jhe boss bolts tightened up, and the keys driven m 
:jghtly. 

Fig 18 shows a large Crossley flywheel in two separate 
lalves, as fitted to the larger smgle-cyhnder engines 
md to aU double-cyhnder engines. 

The meeting surfaces of the nm must be scrubbed 
dean with paraffln, to ensure close metal to metal 
contact before final assembly. 

One of the two halves is lifted into the flywheel pit 
ind is packed up to its correct level, and carefully 
irranged in position to suit the crankshaft which is 
.hen hfted up and lowered into its bearings. The 
iowels C are then placed in position in the holes m 
.he lower half. The upper half of the flywheel is then 
if ted and lowered carefully into position, and the 
vedge-shaped cotters D inserted and tapped hghtly in. 
Che keys are next inserted into the keyway an inch or 
wo, that IS, only sufficiently to ensure that the fly- 
vheel IS in its correct angular position The boss is 
lext clamped firmly on to the shaft by the boss bolts 

and the cotters may then be driven home finally and 
lecured against slaclang back by split pins E The 
ly wheel keys are then driven right in. 

KEYS AND KEYWAYS 

All keys and flywheel keys m pai’ticular must be driven 
ip tight, and must be kept tight A slack key will 
ooner or later certainly cause breakage of the flywheel 
)r the crankshaft or both. It is impossible to pack up 
I slack key with hners. A new key must be fitted, 
leyways are generally macliined parallel, and care 
nust be taken that they are not burred or otherwise 
endered smaller at the entering end. This defect is 
liown m Fig 19 in an exaggerated manner. The key 
1 is slack for its whole length, except at the entering 
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point. Tlie keyway may be made slightly taper to 
ensure tightness when the key is driven in. 

The key must fit at the sides and at the top and 
bottom, as shown in Fig. 20. No slack- 
ness whatever is permissible, except at 
the parts indicated in dotted lines. A 
key may be filed slightly hollow at this 
part when a keyway has been damaged, 
for instance, by a slack key, but it is 
better to true up the keyway. If there 
is any slackness whatever, so that a key 
starts rocking or working, it will ulti- 
mately burst the boss or do other 
serious damage Fig. 21 shows a key 
which bears only at the middle of the 
top and bottom keyways, and will 
ultimately cause a breakdown The 
Fig 10 . figure shows this defect exaggerated, 
SiACK Key must be clearly understood that 

the smallest clearance or slackness 
towards the corners will cause trouble. Fig. 22 shows a 
loose key taking a one-way drive. 





Fig. 20 . PropbbIiY Fig 21 . Badly Fitted 
Fitting Key Rounded Key 

With a new engine, keyways and keys are gener- 
ally machined carefully to size, so that there is very 
little fittmg, but in carrying out repair work hand 
fitting may be necessary. To fit keys properly, practice 
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essential, but some guidance may be furnished 
xeful attention must first be given, as suggested 
ove, to the keyways. The key must be of hard steel 
its comers are subjected to severe compressive forces, 
d they are not well backed up by a mass of metal, 
lugh axle or similar steel is satisfactory. For small 
ys, an old file which has been annealed is qmte suit- 
le. The key is fitted by a succession of trial entries, 
■r each trial it is driven in lightly and then removed ; 



Fig. 22 . Slack Key 



ead as shown in Fig. 23 being useful for this purpose, 
terial is then filed off in accordance with the mark- 
s to ensure proper engagement along the whole 
gth. One or two inches, according to the size of 
key, should be left for the final drive home The 
^ and keyways should be covered with thick gear 
which will help to prevent seizing of the metal and 
[ facilitate removal. 

BREECH ENDS 

'he breech end carries the inlet and exhaust valves 
' the ignition block, while the interior forms the 
ibustion chamber. Fig. 24 shows a sectional trans- 
36 view, and Fig 26 a side view of the Crossley 
3 ch end. The joint between the front face of the 

20 — ( 3515 ) 
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reeoh end and the ends of the main casting and 
jrlinder liner is made with thm sheet asbestos. The 
ampbell Gas Engme Co. recommend for their engines 
est sheet asbestos soaked in boiled linseed oil and 
neared with blacklead. 

The nuts on the studs securing the breech end in 
DSition must be screwed up carefully to avoid distor- 
on and unevenness of the joint. All the nuts should 
3 gone over a number of times, tightening each up 
oly a little at a time, say, one-quarter to one-half a 
im, so that all are gradually tightened up uniformly 
. is advisable also to tighten up opposite nuts in 
looession ; thus, first a top nut, then a bottom nut, 
5xt a side nut, and then an opposite side nut, and so 
1 . 

These remarks on the bolting up of joints apply also 
■ the several other smaller joints on the breech end, 
bich have to be made from time to time. The copper- 
bestos jointings frequently used will be unevenly 
■mpressed if tightened hard at one side before the 
her is held, and will not seal the joint properly. 

Eig. 26 shows a sectional view of the Homsby- 
ockport breech end with valves. 

VALVES 

The exhaust valve is generally arranged at the lower 
ie of the breech end, and opens upwards while the 
let valve is vertically above and opens downwards. 
The Crossley exhaust valve is shown in section in Fig. 
, and also in Figs. 2, 2a and 27. In this construc- 
)n, the exhaust valve, which is generally of cast iron, 
its directly in the breech end or in a detachable 
it Oy and is guided by a detachable guide C. The 
ide is bolted up in position, and the valve lowered 
-jO it from above through the opening in which the 
et valve cage is located when in position. The valve 
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is held by a T-ended grinding spindle which is screwed 
into a hole in its upper surface. To compress the valve 
spring, the attachment shown in Pig. 27 may be used. 
The spring 0 and plate are placed in position, and the 



Fig 20. Hornsby-Stockport Breech End 

spring compressed by nuts on studs N which are screwed 
temporarily into holes on the underside of the breech 
end or the flange of the guide. When the spring is 
sufficiently compressed, the nuts B are screwed on to 
the valve stem, after which the studs N may be 
removed. The nuts R must be screwed up until the 
pull of the spring on the valve prevents lifting when 
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Liming without load, except, of course, when operated 
j the cam gearing. 

The Crossley inlet valve Eig. 28, is carried with 
3 sprmg jD m a detachable block A, The gas valve 
is slidable on the main valve shown. It is pressed 
)wards by a spring F against nuts which must be so 



Fia 27 Crossley Exhaust Valve 


justed that the gas valve opens slightly after and 
»ses shghtly before the valve B to prevent leakage 
gas into the air suction silencer. Both valves are 
awn upwards on to their seats by a spring D acting 
a guide iJ. The valve is opened downwards against 
3 spring jD by a cam C, rod M, and rooking lever O. 
e fulcrum or pivoting point of the lever O consists 
the end of the approximately vertical arm of the 
lt“Crank lever H, The governor, through a link 
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controls the position of the fulcrum, and hence varies 
the lift of both the gas valve E and the mixture inlet 
valve jB. 

The valve spring D is compressed when assembling, 



before the cover N is placed in position, by the attach 
ment shown m Pig. 29, and consisting of a flange (7, and 
two studs adapted to be screwed temporarily into the 
head of the admission valve block The flange is 
screwed down, forcing the valve guide H down, and 
compressing the spring until the nuts / can be screwed 
on to the valve stem. 

The valves are ground in by oiling the faces and 
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iprmkling emery powder thereon. Carborundum should 
lot be used for this purpose. The T-headed grinding 
ipindle referred to above is then screwed into the valve 
ind locked by a nut. The valve is pressed on to its 
leat hghtly and twisted to and fro, being hfted at 
ntervals, and turned to a different position. Next 



Fig 29 . CoaiPRESsrisra Inlet Valve Spring 

remove the valve and wipe it and its seating quite 
3lean Then replace it^ and work it round lightly on 
Lts seat while dry The valve and seating should, if 
properly ground in, show a continuous engaging sur- 
face aU round. If this result has not been obtained, 
the grinding should be repeated as many times as may 
be necessary. 

VALVE OPERATION 

The usual side shaft shown in the Crossley general 
arrangement, Fig 1, and also in Fig. 30, is mounted 
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in two bearings, one at each end. The shaft is arranged 
below the level of the crankshaft, and is driven by 
skew or worm gearing, the driven wheel J being keyed 
on the overhung front end of the side shaft. The lower 
gear wheel dips into an oil bath, while the adjacent 
bearing is lubricated by the usual ring oiler, in which 
a ring substantially larger than the shaft runs thereon 
and dips into an oil bath. 

A somewhat similar example of this class of driving 




Fig. 30 . Sedh ob Cam Shapt 



A — Side shaft 

B — „ bracsket, cylinder end. 

C — Combined cam. 

JD — oiling ring. 

E — Governor wheel. 


F — Cover for side abaft bracket. 

Q — Lubricator com. 

EC — Side shaft bracket crank end. 

J — „ wheel. 

K — ^Driving disc for electric ignition. 


mechanism as applied to a Tangye gas engine is shown 
in Eig. 31. 

Referring again to the Crossley side shaft, Kg. 30, a 
gear wheel E keyed to the shaft drives the governor 
spindle, and a combined cam C operates both the 
inlet and exhaust valves. 

When erecting, care must be taken that the worm 
gearing for the side shaft is properly engaged. A tooth 
on one of the wheels is invariably marked to engage 
the gap, which is also marked between two teeth on 
the other wheel. In general, each wheel is marked 0, 
and the marks on the two wheels must coincide when 
the two are rotated to a suitable position. The mark- 
ings used on Crossley engines are shown in Fig. 32. 
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Owing to the speed at which gas engines run, and the 
inertia or lag of the incoming mixture and the exhaust 
gases, the valves are set to open considerably before 
and close after the dead centre positions. The engines 
of different makers differ somewhat as regards timing, 
owing to variations in design 
It may be necessary on new or on repair work to 



Fig 31. Tanoye Camshaitt Dbiving Gear 

check or to reset the valve timing, and the following 
will explain how this is done. 

Fig. 33 shows diagrammaticaUy the positions of the 
crank pin when the different events of the cycle take 
place, the timing shown being that adopted on Crossley 
engines 

Consider as the starting point of the cycle, the posi- 
tion of the flywheel when the crank pm is at A on its 
dead centre at the beginning of the suction stroke. 
With the ignition switched off, and the gas and starting 
valves closed, turn the flywheel through 30 degrees to 
jS, when the exhaust valve should just have closed 
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and the exhaust roller should only just be leaving the 
exhaust cam. Then turn the fljrw-heel to (7, where the 
inlet valve should similarly just be closing. 

Next turn the flywheel to Z), when the magneto trip 
lever should be released. Further rotation should 



show the exhaust valve opemng at a point on the 
working stroke, when the crank is 55 to 60 degrees 
ahead ot the outer dead centre. The admission valve 
next opens when the crank is at S, 30 degrees ahead 
of the inner dead centre. From E to B there is an 
overlap period, when both air inlet and exhaust valves 
are open. It should, however, be remembered that the 
gas valve opens after the main admission valve, so 
that only air enters at first. 

The admission valve will only open and close at the 




Exhaust 
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correct times if the clearance between the radius lever 
(?, Pig. 28, and the end of the upright arm of the 
fulcrum lever H is maintained between in. and 
^ in. for all positions along the radius lever. The 
upper limit given should not be exceeded and, on the 
other hand, the fulcrum lever must never be allowed 
to stick, as the governor would then be out of action, 
and the speed might increase to a dangerous extent. 

The clearance between the exhaust cam and the 
exhaust roller should be kept at ^ in. to ensure oorteot 
timing of the exhaust valve. 

LUBRICATION 

Modem machinery depends for its successful operation 
upon lubrication. Metal surfaces cannot work together 
and ca-rry the necessary heavj" loads, unless they are 
separated by a thin film of oil having the necessary body 
to prevent it from being squeezed out under the 
conditions of load, speed, and temperature to which 
the bearing or other part may be subjected. 

The cylinder walls and the stem of the exhaust 
valve work under the most severe conditions, and 
provision generally is made to supply them with oil 
continually from a reservoir by means of pumps. In 
larger engmes, the big-end bearing and the small-end 
bearing or gudgeon pin are similarly supplied with oil. 
A number of small plunger pumps, one for each of the 
parts in question, are worked from the cam shaft and 
deliver oil through sight feed glasses, the flow to each 
part being individually adjustable. 

The Orossley central mechanical lubricator comprises 
four pumps supplying oil respectively to the cyhnder, 
exhaust valve, big-end bearing, and gudgeon pin, one of 
the pumps bemg shown in section in Eig. 34. 

The filling opening to the container A contains a 
wire gauze filter, which must be examined for soundness 
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1 — Container. 

5 — ^Plunger. 

7 — „ spring 

7 — ^Ball valve, large 
3 — „ „ small, 

p — ^Driving arm. 

? — Operating rod. 

I — Connootlng rod pin. 

T'— Internal tappet lever 
I — ,, „ „ layahaft. 

j — Sight feed glasses containing salt 
water. 


U/ — ^Vent screw 
N — ^Adjusting sleeve 
P — Lock nut for adjusting sleeve 
— Union nuts for oil pipes. 

S — Shank connections to feed glasses. 
T — Lock nut for shank 8. 

W — Joint waaiiors /or glasses 
X — Gland ring for plunger 
Y — Gap for suction valve cage. 

2 — Cage for auction valves. 

A1 — Delivery nozzle 
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when assembling. The spindle K enters the container 
through a bearing which must be carefully packed, 
and IS oscillated by an arm F and an operating rod Q, 
worked from a cam or eccentric at about the middle of 
the length of the camshaft. To the shaft K are secured 
levers one for each pump. Each plunger B must fit 



IFio. 36. Hornsby-Stockport Lubrication op Cymndbr, 
Piston, and Gudgeon Pin 

its cylinder without any perceptible slack. An exten- 
sion of the plunger is fitted with a finger ring, by means 
of which each pump may be worked independently 
The extension also carries a sleeve N, which acts as a 
stop and so limits the effective stroke. The gland X 
for the extension requires special attention, as it has 
to stand the full delivery pressure of the oil. 

The suction and delivery ball valves may be tapped 
lightly through a brass rod on to their seats, wliicli 
are of much softer material so as to make them fit 
properly. The sight-feed glasses L should contain a 
saturated solution of salt, and must be clamped firmly 
endwise, care being taken that the leather washers at 
the ends are sound 
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The small copper pipes which lead the oil to the 
veral points where it is required must be filled with 
before starting. Before the joints at the ends remote 
)m the pumps are tightened up, the pumps should be 
)rked by hand until oil appears at said ends. All 
0 pumps may be worked together by the lever F, 



Fia. 36 . TANavu Centbutugal OrLSR for Crank Pin 

one only at a time by its j&nger ring without the 
ving gear being disconnected. 

Rg. 35 shows, in the case of a small Hornsby-Stock- 
i: engine, how the oil is supplied to the cyhnder walls 
1 piston, and also to the gudgeon pin bearing. In 
' latter, oil from a Hrip-feed reservoir or from a 
np is supplied steadily to a wiper, from which it is 
Lveyed by a conduit inside the piston to a point 
)ve the gudgeon bearing and drops thereon as shown. 
3 parts of the wiper must touch only lightly or, 
ferably, not at all, provided that they are sufl&ci- 
ly near to transfer the oil drop by drop. 

["he oil connection F to the stem of an exhaust 
ve is shown in Eig. 24. 
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Pig. 36 shows a centrifugal oiler for the crank ] 
of a Tangye engine. The oil supphed drips into a ri 
which turns with the crankshaft, and is concave 
hollow on the inside. The oil, under the action 
centrifugal force, flows outwards to the crank-} 
bearing through the pipe and drilled oilways shown 
For the various other parts of an engine, ring oile 



Fig 37 . Tangye Ring Oilebs for Crankshaft Main 
Bearings 

drip lubricators, or merely oil holes or nipples ar 
provided. 

Figs. 37 and 31 show ring oilers apphed to Tangy< 
engines in connection, respectively, with a crankshaf 
bearing and a camshaft bearing adjacent to the crank 
shaft. The rings must be large enough to dip wel 
down into the oil reservoir, and must be quite free anc 
loose. Provision for the return of surplus oil to the 
reservoir will be noted. 

The several copper pipes must be laid neatly in posi- 
tion and clipped as reqmred, sharp bends being avoided. 

Considerable care is necessary in the final assembly. 


INDEX TO VOLIME VH 


I 2 I— (5513) 



3936 



INDEX 
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SECTION XXX 
PLAIN BEARINGS 


•jusTABi^E and sohd bearings, 
1624 

— taper bearings, 1627 
’ compressor bearing, 1640 
tomobile bearings, 1642 

jbbitt’s metal, 1674 

lance of revolving peirts, 1642 

nded agate, 1678 

anngs, journal, 1622 

— , lathe, 1627 

— , principles of, 1619 

— , water-cooled, 1 634 

dding-m, 1708 

oachuig, 1706 

onze, 1676 

Lshes, split, 1625 

ST iron, 1676 

)aning beanng shell, 1683 

^arances, 1691 

liar type bearings, 1636 

mpresBor, air, bearmg for, 

1634 

olmgfins on sump, 1658 

CFEOTS m bearmgs, 1691 
p-stick, 1672 
ip feeds, 1666 

NTisHiNa surfaces, 1702 
Dating bushes, 1623 
otstep beanngs, 1622 
iction, 1619 


Graphite, 1666 
Gravitational-feed, 1668 
Greasers and grease guns, 1666 
Grooves, oil, 1676 

Hajsd oilers, 1662 
Headstock beanngs, 1627 
High-pressure lubnoation 
systems, 1668 

Indicators, oil, 1670 

JouB-NAii beanngs, 1622 

Lathe beanngs, 1627 
Lignum vitae, 1649 
Limestone, 1678 
Low-pressure lubncation sys- 
tems, 1658 
Lubricants, 1664 
Lubrication by ring oilers, 1631 

Machine tool bearmgs, 1636 
Mechanical oilers, 1662 
Michell hearings, 1661 
Motor-cycle di*ip feed, 1666 
Mountmg bearmgs, 1686 

Oilers, hand, 1660 

, mechamcal, 1662 

Oil grooves, 1676, 1700 

mdicators, 1670 

pumps, 1668 

release valve, 1668 

Oil-lesB bushes, 1680 


SAB pump, 1668 
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Oils, 1664 
Oilways, 1691 

Paokings, 1700 

Play in adjustable bearings, 1 626 
Pouring, 1686 
Principles of bearings, 1619 
PropeUer shaft, ship’s, bearings 
for, 1849 
Pumps, oil, 1668 

BnvoiiVXWG parts, balance of, 
1642 

Reynold’s theory, 1662 
Ring oilers, lubnoation by, 1631, 
1608 

SOBAPING, 1708 
Shaoklo-pin bushes, 1681 
Shaftmg beanos, 1627 
Sohd and adjustable bearings, 
1624 


Spht bushes, 1625 
Step beani^, 1684 
Stone bearings, 1678 
Sump cooling fins, 1668 

Talo, 1666 

Testing temperatures, 1688 

and maohmeiy, 1670 

Thrust bearings, 1622, 1661 
Tinning bearmg shell, 1683 
Turbmes, water, bearmgs for, 
1636, 1660 

Viscosity, oil, 1664 
Vulcanized rubber, 1676 

WATBB-cooiiED bearmgs, 1634 

turbmes, bearmgs for, 1636 

Wear of bearings, 1682 
White metal, 1674 
Wood bearings, 1649 
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Aooubatbj machining, necessity 
of, 1726 

Adjustable bearmg cones, 1763 
Adjustment of Timken bearmgs, 
1768 

Advantages of ball bearmgs, 
1718 

Allowances for ball bearing fits, 
1728 

Almmmum housmg, 1727 

BaIiI. and roUer bearmgs, action 
of, 1717 

bearing fits tabulated, 1730 

loads, 1720 

Balls and rollers, 1718 


Gages, ball bearing, 1722 
Car front axle, roller bearmgs 
for, 1762 


Clamping clearance, 1736 
Creep of ball bearmgs, 1727 
Cup and Cone bearmgs, 1736 
Cycle bearings, 1737 


Bibeot system of mounting, 
1766 

Double thrust ball bearing 
mounting, 1783 


Rably forms of ball bearmgs, 
1721 

Electric motors, light journal 
bearmgs for, 1741 


FAUiUBES, ball bearmg, causes 
of, 1720 

Fan, electnc, ball bearings for, 
1766 
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. of double thrust bearings, 
L733 

fl, ball bearing, 1728 
i’our-point *’ bearing contact, 
L721 

ction, elements of, 1718 
— tests of plam and ball 
searings, 1719 


RMAiT Small Arms factory 
ixperiments, 1722 


FFMANN heavy duty double 
thrust bearmg, 1734 

— self -aligning Journal bcar- 

mg, 1742 

— standard bearmgs, 1724 
att bearmg mountmg notes, 

1773 

— flexible roller bearmg, 1770 


>iKEca? mountmg of bearmgs, 
766 

erference fit, 1729 


TBNAii ball bearings, types of, 
1724 

— bearmgs, self alignmg, 
741 


THE bearmgs, 1764 

,ht journal bearmgs for elec- 

ric motors, 1741 

lers for aluminium housmgs, 

727 

idmg of ball bearings, 1720 
3atmg bearmg, 1760 
bncation, 1720, 1777 


OHiNiiirG parts for roller bear- 
ngs, 1706 

gneto ball bearmgs, 1739 
tor-cycle hub bearmgs, 1738 
untmg of ball bearmgs, 1726 


Mountmg of taper roller bear- 
mgs, 1760 

prmciples, important, 1746 


Plain bearmgs, antion of, 1717 

roUer bearmg, Hofmann, 

1746 

Pulley wheel, application of ball 
bearmg for, 1760 


“ Rad AX ” ball bearing, 1738 
Roller bearmgs, principle of, 
1746 

, various tjrpes of, 1769 

Rollmg friction, 1718 


Self-aligning journal bearings, 
1741, 1744 

roUer bearmgs, 1764 

Self-contamed ball bearings, 
1738 

Smgle tlirust bearing mounting, 
1733 

Sizes of ball bearmgs, 1723 
Skefko deep groove ball bearmg, 
1723, 1726 

self-abgnmg ball bearmg, 

1744 

smgle row oylmdrical roller 

bearmg, 1766 
Slidmg fit, 1729 

friction, 1718 

Sht race, 1772 
Split housmgs, 1727 
Stnbeck’s values, 1724 


Thrust bearmg fits, 1731 
Timken roller bearmg, 1766 
“ Two-pomt ” and “ three- 
point ” bearmgs compared, 
1720 


Vibration and ball bearmgs, 
1728 
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A C VaIiVu timing, 1841 
Accuracy, bearmg, 1799 
Aluminium pistons, 1806, 1807 
Assembly of pistons and con- 
neotmg rods, 1818 
Austin cylinder head, tool for 
lifting, 1821 

Babbitt’s metal, 1796 
** Beacon ** ring compressor, 1819 
Bearing liners, 1798, 1801 
Bearings, 1796 
Big-end bearmg. 1797 

fit, 1804 

Buming-m bearings, 1803 
Bushes, gudgeon pm, removmg, 
1816 

Cap, bearmg, 1800 
Carborundum, 1810 
Cast-iron pistons, 1806 
Chisel, round-nosed, 1802 
Clearance, piston, 1806 
Compressor, piston rmg, 1818 

, valve sprmg, 1836 

Conical lift valves, 1824 
Copper-asbestos gaskets, 1824 
Crankshaft bearmg, mverted, 
1799 

Crocus powder, 1810 
Crossed oil groove, 1801 

Detachable eylmder heads, 
1820 

Divided bearmgs, 1796 
Douglas lubrication system, 1792 

Emry cloth, rubbing down on, 
1803 

Engme stands, 1784 
Expansion, piston, 1808 

Ftlino piston rmgs, 1810 
Fit, piston ring, 1809 
Fittmg piston rmgs, 1810 


Fixmg of gudgeon pms, 1816 
Flywheel morkmgs, 1844 
Ford, Model A.F lubncation 
system, 1789 
valves, 1838 

Gap, piston rmg, 1810 
Gasket, eylmder, 1822 
Gear type oil pump, 1788 
Gold size, 1819 
Grooves, oil, dispensmg with, 
1801 

, piston rmg, 1809 

Gudgeon pins, 1813 
Guides, valve, 1833 

Hahd Borapmg, 1803 
High pomts on piston rmgs, 
removmg, 1810 

Holder for piston rmg lapping, 
1811 

Ignition and valve timing, 1840 
Instruction booklets, 1784 
Inverted crankshaft bearing, 
1799 

Joint making, 1819 

Lapping m piston rings, 1810 
Liftmg cylinder lieads, 1821 
Lmers, bearmg, 1798 
Lubrication, principle of, 1786 
systems, 1790 

Magneto couplmg, venuer, 1846 
Mann Egerton engme stand, 
1780 

Modem manufacturmg methods, 
1783 

Morris detachable eylmder head, 
1820 

lubrication system, 1792 

piston and connecting rod, 

1816 
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Drns Bide valve gear, 1825 

— overhead valve gear, 1827 

— tappets, 1839 

i.TiONAij lubrication system, 
1794 

li pumps, 1788 

— viscosity, 1786 

lOking pieces, wood, 1800 
itroil system, 1787 
ston rmgs, 1808 

, removing, 1811 

stons, 1804 

uga, gudgeon pm, 1814 
unger tjrpe oil pump, 1790 
)ppet valves, 1824 
©ssure release valves, 1788 
usaian blue, 1803 
imps, oil, types of, 1788 

asHATiNQ valve tool, 1828 
ng, piston, compressor, 1818 
ngs, piston, 1808 
)imd-nosed chisel, 1802 
jver scraper rmg, 1812 
ibbing down on emery clotli, 
1803 


SonAPER rmgs, 1812 
Scrapmg liner, 1801 
Shuns, packmg, 1800 
Smger valve timing, 1841 
Split bearmgs, 1796 
Sprmgs, valve, 1834 
Stands, engine, 1784 
Stap overhead valve g6ar, 1826 
Steels, valve, 1826 

Tightentno cyhnder head studs, 
1823 

Triumph cyhnder head studs, 
tightening, 1823 
Tungsten vSves, 1829 

Valve and igmtion timmg, 1840 

grmdmg, 1830 

guides, 1833 

sprmgs, 1834 

steels, 1826 

wear, 1828 

Valves, 1824 

, functions of, 1826 

Vernier magneto coupling, 1846 

Wavy oil groove, 1801 
White metal, 1796 
Wolseley cylinder head studs, 
tightenmg, 1823 
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imssioN valve opening, 1882 
Ivance, ignition, 1881 
igmnent, crankshaft, 1866 
ibestos joints, sheet, 1876 

ILL valves, 1886 
janng alignment, 1866 
tarings, 1868 

g-end bolt, Crossley, 1867 
ackstone engmes, crankshaft 
alignment of, 1866 
)lt, holdmg-down, 1864 


Bolting up joints, 1876 
Breech ends, 1873 

Camshaet, 1880 

driving gear, 1882 

Caabonmdum, 1879 
Centrifugal oiler, Tangye, 1887 
Charaoteristics of gas engines, 
1849 

Clay ridge, foundation, 1866 
Compressing inlet valve spiing, 
1870 



1896 


INDEX 


Compressive forces on keys, 1873 
Concrete foTmdations, 1862 
Connecting rod, Crossley, 1866 
Crankshaft ahgmnent, 1856 

ends, supporting, 1809 

Crossley beam^ alignment, 1860 

gas engine, dismantling, 

1863 

horizontal gas engine, 1861 

Crystallization, 1867 
Cylmder Imers, 1861 

Diaii EQicrometer, 1860 
Drainage, oil, 1864 
Driving gear, camshaft, 1882 

Enoinb foundations, 1862 

room, 1860 

Exhaust v^ves, 1876 

Fxlthb, gauge, 1884 
Fittmg keys, 1873 
Fljrwheel keys, 1871 

removal, 1870 

Flywheels, 1868 
Foundations, engme, 1862 

Gaitgh filter, 1884 
Governor, 1877 
Grmding-m valves, 1878 

Holding-down bolt, 1864 
Homsby-Stockport breech end, 
1876 

Horse-power of gaa engines, 1849 

Ignition advance, 1881 

block, 1873 

Inlet valve, 1877 

spring, compressing, 

1879 

Iron packmg pieces, 1866 


Joints, bolting up, 1876 

Keys and keyways, 1871 

Liners, cybnder, 1861 
Lubrication, 1864 
Lubricator, Crossley, 1886 

Mbghanioal lubricator. Cross- 
ley, 1884 

Micrometer measurements for 
bearings, 1868 

Modem manufacturing methods, 
1860 

Oil dramage, 1864 
Oilers, rmg, 1888 

Packing pieces, iron, 1866 
Piston rmga, 1864 
Pistons and connecting rods, 
insertmg, 1801 
Pulling gear, fly-wheel, 1869 

Bing oilers, 1888 

, piston, 1864 

Boom, engine, lay-out of, 1863 

Shaet key, 1873 
Side shaft, 1880 
Slack keys, 1872 
Small-end bearings, Crossley. 
1867 

Spht rim and boss, flywheel, 
1870 

Tangye centrifugal oiler, 1887 

gas engme, 1880 

Timing diagram, Crossley, 1883 

Valve operation, 1879 
Valves, 1876 
, grindmg-m, 1878 
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Revised. . . . . - . . 12 6 

Turret Lathe Tools, How to Lay Out. Second 
Edition . . . • - • .60 

Welding, Electric By L B Wilson . 5 0 

Welding, Electric Arc and Oxy-Acetylene. 

By E A Atkins, A M I !M E . . .76 

Workshop Gauges and Measuring Appliances 

By L Bum, A.M.I Mech E.AMIEE . . 5 0 

Workshop Practice Edited by E A Atkins, 

M I Mech E , M I W E In eight volumes 
Each . . ...60 

I Tools, Calculations, Drawing, Metals 
II Pattern-making and Foundry Work 

III Steels, Lathes, Shaping, Planing 

IV Grinding, Slotting, Milling, Jigs and 

Tools, Turrets 

V Drop Forging, Die Making, Press 
Working and Stamping, Practical 
Blacksmithing 

VI Sheet and Plate Metal Working, 

Wire and Tube Manufacture, Gear- 
cutting 

VII Fitting and Engine Erection Part I. 

VIII Fitting and Engine Erection Part II. 


MINERALOGY AND MINING 

Blasting with High Explosives. By W. 

Gerard Boulton . . . . . .50 

Coal Carbonization By John Roberts, D I C , 

M I Min.E , F G S . . . . . 25 0 

Colliery Electrical Engineering By G M 

Harvey . 15 0 

Compressed Air Power By A W Daw and 

Z W Daw . . . . . . . 21 0 

Electrical Engineering for Mining Students 
B y G M Harvey. M Sc , B Eng , A M I E E 5 0 
Electricity Applied to Mining By H Cotton, 
MBE.MSc.AMIEE . . . ,35 0 



s. d 
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Electric Mining Machinery By Sydney F 
Walker. M I E E . MIME., A M I C.E , 
AAmerlEE .... . 15 0 

Gold Placers, The Dredging of By J E. 

Hodgson, F R G S. 5 0 

Low Temperature Distillation By S North 
and J B Garbe . . . . . . 15 0 

Mineralogy By F H. Hatch, Ph D , F G S , 

M I C E , M I M M Fifth Edition, Revised . 6 0 
Mining Certificate Series, Pitman’s Edited by 
John Roberts, D I C., M I Mm E , F.G S , Editor 
of The Mining Educator — 

Mining Law and Mine Management By 

Alexander Watson, A R S M . . ,86 

Mine Ventilation and Lighting By C. D 
Mottram, BSC . . . . .86 

Colliery Explosions and Recovery Work 
B y J W Whitaker, Ph D (Eng.), B Sc , 

FIC,MIMmE 86 

Arithmetic and Surveying. By R M 
Evans, B Sc , F.G S , M I Mm E. , .86 

Mining Machinery. By T. Bryson, A R T C , 

MIMinE 12 6 

Winning and Working By Prof Ira C. F. 
Statham, B Eng , F G S , M I Min E. 

(In Preparation) 

Mining Educator, The Edited by J Roberts, 

D I C , M I Mm.E , F G S In two vols . . 63 0 

Mining Science, A Junior Course in By Henry 

G Bishop .... ..26 

Tin Mining By C G Moor, M A . . .86 

CIVIL ENGINEERING, BUILDING, Etc. 

Audel’s Masons* and Builders’ Guides In four 

volumes ...... Each 7 6 

1 Brickwork, Brick-laying, Bonding, De- 

signs 

2 Brick Foundations, Arches, Tile Setting, 

Estimating 

3 Concrete Mixing, Placing Forms, Rein- 

forced Stucco. 

4 Plastering, Stone Masonry, Steel Con- 

struction. Blue Prints. 
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Audel's Plumbers' and Steam Fitters’ Guides 

Practical Handbooks in four volumes Each 

1 Mathematics, Physics, Materials, Tools, 

Leadwork 

2 Water Supply, Drainage, Rough Work, 

Tests 

3 Pipe Fitting, Heating, Ventilation, Gas, 

Steam 

4. Sheet Metal Work, Smithing, Brazing, 
Motors 

*' The Builder ” Series — 

Architectural Hygiene , or, Sanitary 
Science as Applied to Buildings By 
Banister F Fletcher, FRIBA.FSI, and 
H Phillips Fletcher, FRIBA, F S.I 
Fifth Edition, Revised .... 
Carpentry and Joinery By Banister F 
Fletcher, FRIBA, FSI, etc , and H 
Philhps Fletcher, FRIBA, FSI, etc 
Fifth Edition, Revised .... 
Quantities and Quantity Taking. By 
W E Davis Sixth Edition 
Building Educator, Pitman’s Edited by R 
Greenhalgh, A I Struct E In three vols , 

Field Manual oe Survey Methods and Opera- 
tions. By A Lovat Higgins, B Sc , ARCS, 

AMICE 

Field Work for Schools By E H Hamson, 
B Sc , L C P , and C A. Hunter 
Hydraulics. By E H Lewitt, B Sc (Lond ), 
M I Ae E , A.M I M E Third Edition 
Joinery and Carpentry Edited by Richard 
Greenhalgh, A I Struct E In six volumes 
Each 

I Tools, Machines, Joints, Fixings 
II Doors, Panelling, Geometry, Windows 

III Timber, Stairs and Handrails, Floors, 

Partitions 

IV Roofs, House Fitments, Church Fittings, 

Setting Out, Steel Square. 

V Technical Drawings, Veneering, Tim- 
ber-framed Buildings, Calculations, 
Design and Ornament, Shop Fronts 
and Fittings 


s d 
1 6 


10 6 

10 6 
6 0 
63 0 

21 0 
2 0 
10 6 

6 0 
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s d 

VI Ship Joiner v, Temporary Work, Mechan- 
ics, Bank and Office Fittings, Admin- 
istration OF A Joinery Business, 
Glossary 

Surveying and Surveying Instruments. By 
G A. T Middleton, A R I B A , MSA. Third 
Edition, Revised . . ,60 

Surveying, Tutorial Land and Mine By 
Thomas Bryson . . . . 10 6 

Water Mains, Lay-out of Small By H H 
Hellins, M Inst C E ... 76 

Waterworks for Urban and Rural Districts 
B y H C Adams, M Inst CE,MICE,FSI .15 0 

CONSTRUCTIONAL ENGINEERING 
Reinforced Concrete, Detail Design in By 
Ewart S Andrews, B Sc (Eng ) . . .60 

Reinforced Concrete By W, Noble Twelvetrees, 
MIME. AMIEE . . . . 21 0 

Reinforced Concrete Members, Simplified 
Methods of Calculating By W. Noble 
Twelvetrees Second Edition, Revised and 

Enlarged 5 0 

Specifications for Building Works By W L 
Evershed, F S I. . . . . . .50 

Structures, The Theory of By H. W. Coaltas, 

M Sc , A M I Struc E , A I Mech E. . . .15 0 

MECHANICAL ENGINEERING 

Audel’s Engineers’ and Mechanics’ Guides In 

eight volumes Vols 1-7 . . . Each 7 6 

Vol 8 . . . . , , . 15 0 

Condensing Plant By R J Kaula, M I E E , and 

I V Robinson, M I E E . . . 30 0 

Definitions and Formulae for Students — 
Applied Mechanics By E H Lewitt, B Sc , 

A M I Mech E 6 

Definitions and Formulae for Students — Heat 

Engines By A Rimmer, B Eng . . 6 

Diesel Engines , Marine, Locomotive, and 
Stationary. By David Louis Jones, Instructor, 

Diesel Engine Department, U S Navy Submarine 
Department . ..... 21 0 

2 
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s d 

Engineering Educator, Pitman's Edited by 
W J Kearton, MEng. AMIMechE, 

A M Inst N A. In three volumes . . . 63 0 

Friction Clutches By R Wanng-Brown, 

AMIAE., FRSA.MIPE . . . 5 0 

Fuel Economy in Steam Plants By A. Grounds, 
BSc,AIC,AMIMinE . . . .50 

Fuel Oils and Their Applications By H: V. 

Mitchell, PCS.. . . . . .50 

Mechanical Engineering Detail Tables By 
John P Ross . . . . . .76 

Mechanical Engineer’s Pocket Book, 
Whittaker's Third Edition, entirely rewntten 
and edited by W. E Dommett, A F.Ae S , 

AMIAE 12 6 

Mechanics' and Draughtsmen's Pocket Book 

By W E, Dommett, Wh Ex, AMIAE . . 2 6 

Mechanics for Engineering Students. By G. 

W Bird, B Sc . A M I Mech E ... 5 0 

Mollier Steam Tables and Diagrams, The 
E xtended to the Cntical Pressure. English 
Edition adapted and amplified from the third 
German Edition by H Moss, D.Sc , ARCS, 

Die . 7 6 

Mollier Steam Diagrams Separately m envelope 2 0 
Motive Power Engineering For Students of 
Mining and Mechamcal Engineering By Henry 
C Hams, B.Sc . . . . . . 10 6 

Steam Condensing Plant. By John Evans, 

M Eng , A M I Mech E . . . .76 

Steam Plant, The Care and Maintenance of. 

A Practical Manual for Steam Plant Engineers 
By J E. Braham, BSc,ACGI . . .50 

Steam Turbine Theory and Practice By W J 

Kearton, A M I M E Second Edition . .15 0 

Strength of Materials By F. V Wamock, Ph.D , 

B Sc (Lond ), F R.C Sc I . A M I Mech E. . 12 6 
Theory of Machines By Louis Toft, M Sc Tech , 
and A T J Kersey, B Sc . . . . 12 6 

Thermodynamics, Applied By Prof W Robinson, 

M E , M Inst C E 18 0 

Turbo-Blowers and Compressors By W. J. 
Kearton. A MI ME 21 


0 
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s. d 

AERONAUTICS, Etc, 

Aerobatics. By Major O Stewart, M C , A F C. 5 0 
Aeronautics, Elementary , or, The Science 
AND Practice of Aerial Machines By A. P 
Thurston, D Sc Second Edition . . .80 

Aeroplane Design and CoNfSTRUCTioN, Elemen- 
tary Principles of ByA. W Judge, ARCS, 

Wh.Ex ,AMIAE 76 

Aeroplane Structural Design By T. H. Jones, 

B Sc , A M I M E , and J D Fner, A R C Sc , 

D.IC 21 0 

Aircraft, Modern By Major V W Pag6, Air 
Corps Reserve, USA. . . . . 21 0 

“ Airmen or Noahs Fair Play for Our Airmen 
By Rear-Adm Murray F. Sueter, C.B , R N , M P. 25 0 

Airship, The Rigid By E H Lewitt, B Sc., 

MIAeE . 30 0 

Learning to Fly By F A Swoffer, Chief Instruc- 
tor to the Hampshire Light Aeroplane Club 
With a Foreword by Air Vice-Marshal Sir Sefton 
Brancker, K C B , A.F C , Director of Civil Avia- 
tion, Air Ministry ... .76 

Pilot’s " A " Licence Compiled by John F 
Leeming, Royal Aero Club Observer for Pilot’s 
Certificates Second Edition . . . .36 

MARINE ENGINEERING 
Marine Screw Propellers, Detail Design of. 

By Douglas H Jackson, M I Mar E, AMINA. 6 0 

PHOTOGRAPHY, Etc. 

Amateur Cinematography By Capt. O Wheeler, 

FRPS 60 

Camera Lenses ByA. W Lockett . . .26 

Colour Photography. By Capt O Wheeler, 

FRPS 12 6 

Commercial Photography By D Charles . .50 

Complete Press Photographer, The By Bell 
R Bell ... ...60 

Lens Work for Amateurs. By H Orford. Fourth 
Edition . . , . . . .36 

Photographic Chemicals and Chemistry By 
T L J Bentley and J Southworth . . .36 

Photography as a Business By A G Willis . 5 0 
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Retouching and Finishing for Photographers 

By J. S Adamson . . . . 


ASTRONOMY 

Astronomy, Pictorial By G. F. Chambers, 

FRAS 

Astronomy for Everybody By Professor Simon 
Newcomb, LL D With an Introduction by Sir 
Robert Ball ....... 

Great Astronomers By St Robert Ball, D Sc , 
LLD.FRS. ... . . 

High Heavens, In the By Sir Robert Ball 
Rotation of the Earth, Planets, etc. The 
Cause of the By Samuel Shields . 

Starry Realms, In By Sir Robert Ball, D Sc., 
LLD,FRS 

ILLUMINATING ENGINEERING 
Modern Illuminants and Illuminating 
Engineering By Leon Gaster and J S Dow 
Second Edition, Revised and Enlarged 

MOTOR ENGINEERING 

Automobile and Aircraft Engines By A W 
Judge, A R.C S , A M I A E . . . . 

Carburettor Handbook, The By E W Knott, 

A M I A E 

Coil Ignition for Motor-Cars By C Sylvester, 
AMIEE,AMI Mech E. . ' . 

Gas and Oil Engine Operation. By J. OkiU, 

M I A E 

Gas Engine Troubles and Installation, with 
Trouble Chart By John B. Rathbun, ME 
Gas, Oil, and Petrol Engines By A Garrard, 

Wh Ex 

Magneto and Electric Ignition By W Hibbert, 
AMIEE .... . . 

Motor Truck and Automobile Motors and 
Mechanism. By T H Russell, AM, ME., 
with numerous Revisions and Extensions by 
John Rathbun .... 
Thornycroft, The Book of the By “ Aunga " . 


s d 

4 0 

2 6 

5 0 

5 0 
5 0 

10 6 

5 0 

25 0 

30 0 
10 6 
10 6 

5 0 
2 6 

6 0 
3 6 

2 6 
2 6 
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Motor-Cyclist's Library, The Each volume in 
this senes deals with a particular type of motor- 
cycle from the pomt of view of the owner-driver 

Each 2 0 

A J S , The Book of the By W. C Haycraft 
Ariel, The Book of the. By G S Davison. 

B S.A , The Book of the. By " Waysider " 

Second Edition 

Douglas, The Book of the By E. W. Knott. 

Second Edition 

Motor-Cycling for WoistEN. By Betty and 
Nancy Debenham, with a Foreword by 
Major H R. Watling 

P AND M , The Book of the By W C 
Haycraft 

Raleigh Handbook, The By " Mentor.” 

Second Edition 

Royal Enfield, The Book of the By R E. 

Ryder 

Rudge, The Book of the. By L H. Cade 
Triumph, The Book of the By E T. Brown 
ViLLiERs Engine, The Book of the. By 
Cyril Grange 

Motorists' Library, The. Each volume m this 
senes deals with a particular make of motor-car 
from the pomt of view of the owner-driver. The 
functions of the various parts of the car are 
descnbed in non-techmcal language, and dnving, 
repairs, legal aspects, insurance, touring, equip- 
ment, etc , all receive attention 
Austin Twelve, The Book of the. By B. 
Garbutt and R Twelvetrees Illustrated by 
H M Bateman. Second Edition . .50 

Standard Car, The Book of the By 

” Pioneer ” . . . . . .60 

Clyno Car, The Book of the By E T Brown. 3 6 

Singer Junior, The Book of the By G S. 

Davison . . . . . .26 

ELECTRICAL ENGINEERING, Etc. 

Accumulator Charging, Maintenance and 
Repair. By W. S. Ibbetson . . . .36 

Accumulators, Management of By Sir D. 
Salomons, Bait Tenth Edition, Revised . 


7 6 
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5 d . 

Alternating Current Bridge Methods of 
Electrical Measurement By B Hague, B.Sc, 15 0 
Alternating Current Circuit By Philip Kemp, 

MIEE 2 6 

Alternating Current Machinery, Design of. 

By T. R Barr, A M I E E,, and R D Archibald, 

B Sc., AMICE, AMIEE. . . .30 0 

Alternating Current Machinery Papers on the 
Design of By C C. Hawkms, M A , M I E E , 

S P Smith, D Sc , M I E E , and S Neville, B Sc 21 0 

Alternating Current Power Measurement By 
G F Tagg ..... .36 

Alternating Current Work By W Perren 

Maycock, MIEE Second Edition . . .106 

Alternating Currents, The Theory and 
Practice of. By A T. Dover, MIEE .180 

Armature Winding, Practical Direct Current 

By L WoUison . . ... 7 6 

Continuous Current Dynamo Design, Elemen- 
tary Principles of By H. M Hobart, MICE, 

MIME.MAIEE 10 6 

Continuous Current Motors and Control 

Apparatus By W. Perren Maycock, MIEE 7 6 
Definitions and Formulae for Students — 
Electrical By P Kemp, M.Sc , M I E E . 6 

Direct Current Electrical Engineering, 
Elements of By H F Trewman, M A , and 
C. E Condliffe, B Sc. . . . . .50 

Direct Current Electrical Engineering, 
Principles of. By James R Barr, A M I E E . 15 0 
Direct Current Dynamo and Motor Faults 

By R M Archer 7 6 

Direct Current Machines, Performance and 
Design of By A E Clayton, D Sc , M I E E . 16 0 
Dynamo, The. Its Theory, Design and Manufacture. 

By C C. Hawkms, M A , MIEE In three 
volumes. Sixth Edition — 

Vol I 21 0 

Vol II . . . . 15 0 

Vol III 30 0 

Dynamo, How to Manage the. By A E Bottone. 

Sixth Edition, Revised and Enlarged . .20 
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Electric Bells and All About Them By S R. 
Bottone. Eighth Edition, thoroughly revised by 
C Sylvester, AMIEE. . . . .36 

Electric Circuit Theory and Calculations By 
W Perren Maycock, M I E E Third Edition Re- 
vised by Phihp Kemp, MSc.MIEE.AAIEE 10 6 

Electric Light Fitting, Practical By F. C 
AUsop Tenth Edition Revised and Enlarged . 7 6 

Electric Lighting and Power Distribution 
By W. Perren Maycock, M I E.E Ninth Edition, 
thoroughly Revised and Enlarged 

Vol. 1 10 6 

Vol II 10 6 

Electric Lighting in Factories and Workshops. 

By Leon Caster and J. S Dow .... 
Electric Lighting in the Home. By Leon Caster 
Electric Motors and Control Systems By A 
T.Dover, M I E E.. A Amer I E E . . . 15 0 

Electric Motors (Direct Current) ; Their 
Theory and Construction By H M Hobart, 

MI EE, MlnstCE. M.Amer.I E E Third 
Edition, thoroughly Revised . . . . 15 0 

Electric Motors (Polyphase) . Their Theory 
AND Construction By H M Hobart, 
MlnstCE, MIEE, M Amer I E E. Third 
Edition, thoroughly Revised . . . . 15 0 

Electric Motors for Continuous and Alternat- 
ing Currents, A Small Book on By W Perren 
Maycock, M.I EE , . . . .60 

Electric Traction By A T Dover, MIEE, 

Assoc Amer I E E Second Edition . . 21 0 

Electric Wiring Diagrams By W Perren May- 
cock, MIEE . . . . . .50 

Electric Wiring, Fittings, Switches, and Lamps. 

By W Perren Maycock, M I E.E Sixth Edition, 
Revised by Philip Kemp, M Sc, MIEE. .10 6 

Electric Wiring Tables. ByW Perren Maycock, 
MIEE, and F C. Raphael, MIEE Fifth 
Edition . . , , , , ,36 

Electrical Condensers By Philip R Coursey, 
BSc,FInstP..AMIEE ... 37 6 

Electrical Educator By J A. Fleming, M A , 

D.Sc , F.R S In two volumes . . . 63 0 


CO CO 
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Electrical Engineering, Classified Examples 
IN By S Gordon Monk, B Sc (Eng ), A M I E E 
In two parts — 

Vol. I Direct Current . 

Vol. II. Alternating Current . 

Electrical Engineering, Elementary. By O 
R Randall, Ph D . B Sc , Wh Ex 
Electrical Engineer's Pocket Book, Whit- 
taker's Originated by Kenelm Edgcumbo, 
M I E E . AMICE Sixth Edition Edited by 
R E Neale, B Sc (Hons ), ACGI.AMIEE 
Electrical Instruments in Theory and 
Practice. By W H F Murdoch, B Sc , and 
U A Oschwald, BA,. . . 

Electrical Instrument Making for Amateurs 
By S R Bottone. Ninth Edition 
Electrical Insulating Materials By A. Monk- 
house, J unr , M.I E E , A M I Mech E 
Electrical Guides, Hawkins' Each book in 
pocket size . . . * 

No 1 Electricity, Magnetism, Induction, 

Expenments, Djmamos, Armatures, 
Windings 

„ 2 Management of D 5 niamos, Motors, 

Instruments, Testing 

„ 3 Wiring and Distribution Systems 

Storage Batteries 

,, 4 Altematmg Currents and Alternators 

,, 5 A C Motors, Transformers, Converters 

Rectifiers 

,, 6 A C Systems, Circuit Breakers, 

Measurmg Instruments. 

,, 7 A C Wiring, Power Stations, Tele- 

phone Work 

,, 8 Telegraph, Wireless, Bells, Lighting. 

,, 9. Railways, Motion Pictures, Automo- 

biles, Ignition 

,, 10 Modem Apphcabons of Electncity 

Reference Index. 

Electrical Machines, Practical Testing of. 
By L Oulton, A M I E E , and N J Wilson, 
M I E E Second Edition .... 


5 d 

2 6 
3 6 

5 0 

10 6 

12 6 

6 0 
21 0 

5 0 


6 0 
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5 . d. 

Electrical Technology By H Cotton, M B E , 

M Sc AMI EE . . . . . 12 6 

Electrical Terms, A Dictionary of By S. R 
Roget. M A , A M Inst C E , A M I E.E . .76 

Electrical Transmission and Distribution. 

Edited by R. O Kapp, B Sc , Chartered Electrical 
Engineer 

I Overhead Transmission Lines . .60 


II Power Cables , ...60 

III Switchgear Part I ..60 

IV Switchgear Part II . . . .60 

V Sub-station Work Part’ I . .60 

VI Sub-station Work Part II . .60 

VII Instruments and Meters . .60 

VIII. Auxiliary Plant . . . .30 


Electro-Motors How Made and How Used 
B y S R Bottone Seventh Edition Revised by 

C Sylvester, AMIEE 46 

Electro-Technics, Elements of. By A P 
Young OBE.MIEE , . .50 

Engineering Educator, Pitman’s. Edited by 
W J Kearton, M Eng , A M I Mech E . AM 
Inst N A. In three volumes . . . . 63 0 

Induction Coils By G E. Bonney Fifth 

Edition, thoroughly Revised . . . .60 

Induction Coil, Theory of the By E Taylor- 

Jones,, D Sc , F Inst P . . . . . 12 6 

Induction Motor, The By H Vickers, Ph.D , 

MEng 21 0 

Kinematography Projection A Guide to By 
Cohn H. Bennett, F C S., F R.P S . . 10 6 

Mercury-Arc Rectifiers and Mercury-Vapour 

Lamps By J A Fleming, M A , D.Sc., F R S . 6 0 
Oscillographs By J T Irwin, M I E E . .76 

Power Station Efficiency Control By John 
Bruce, AMIEE. . . . . .12 6 

Power Wiring Diagrams By A T Dover, 

M I E E , A Amer I E E Second Edition, 
Revised . . . . . . .60 

Practical Primary Cells By A Mortimer Codd, 

FPhS 5 0 
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Railway Electrification By H F. Trewman, 

A M.I E E 

Steam Turbo-Alternator, The By L C Grant, 

A M I E E 

Storage Batteries Theory, Manufacture, 
Care, and Application. By M Arendt, E E 
Storage Battery Practice By R Rankin, B Sc , 

M I E E 

Transformers for Single and Multiphase 
Currents. By Dr. Gisbert Kapp, M Inst C E , 
M I E E Third Edition, Revised by R O Kapp, 
B Sc . . . . , , , 

TELEGRAPHY, TELEPHONY, AND 
WIRELESS 

All Europe " Three," The By C M R Balbi, 

AMI.EE.ACGI 

Baudot Printing Telegraph System. By H W 
Pendry Second Edition .... 
Cable and Wireless Communications of the 
World, The By F J Brown, C.B, CBE, 

M.A . B.Sc (Lond ) 

Crystal and One-Valve Circuits, Successful. 
By J H Watkins 

Loud Speakers By C M. R Balbi, with a Fore- 
word by Professor G W O Howe, D Sc , M I E E. 
AMI.EE.ACGI ... 

Radio Communication, Modern By J H Reyner 
Second Edition ...... 

Radio Year Book, Pitman's. Published annually 
in December ....... 

Telegraphy By T. E Herbert, A M I E e’ 
Fourth Edition .... 

Telegraphy, Elementary By H W Pendry 
Second Edition, Revised .... 

Telephone Handbook and Guide to the Tele- 
phonic Exchange, Practical By Joseph Poole, 
A M I.E E. (Wh Sc ) Seventh Edition 
Telephony By T E Herbert, M I E E 
Telephony Simplified, Automatic By C W 
Brown, A M I E E , Engineer-%n-ChiGf s Depart- 
ment, G.P 0 , London ..... 


s, d 
21 0 
15 0 
18 0 
7 6 

15 0 

6 

6 0 

7 6 
3 6 

3 6 

5 0 
I 6 

18 0 
7 6 

18 0 
18 0 

6 0 
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s d. 

Telephony, The Call Indicator System in 
Automatic By A G Freestone, of the A utomatic 
Training School, G PO , London . . .60 

Telephony, The Director System of Automatic. 

By W E. Hudson, B Sc Hons (London), 

WhitSch,ACGI 5 0 

Wireless Manual, The By Capt J Frost . 5 0 

Wireless Telegraphy and Telephony, Intro- 
duction TO By Prof J A Fleming . .36 


MATHEMATICS AND CALCULATIONS 
FOR ENGINEERS 

Algebra, Common-Sense for Juniors. By F. F. 

Potter, M A , B Sc., and J W. Rogers, M Sc .30 
With Answers .... .36 

Algebra, Test Papers in. By A E. Donkin, M A 2 0 

With Answers . . . . . .26 

With Answers and Points Essential to Answers . 3 6 

Alternating Currents, Arithmetic of By E H. 

Crapper, MIEE. . . . . . .46 

Calculus for Engineering Students By John 
Stoney, B Sc , A M I Mm E . . . .36 

Definitions and Formulae for Students — 
Practical Mathematics By L Toft, M Sc .06 
Electrical Engineering, Whittaker's Arith- 
metic OF Third Edition, Revised and Enlarged 3 6 

Electrical Measuring Instruments, Com- 
mercial. By R M Archer, B.Sc (Lond ), 

ARCSc. MI.EE 10 6 

Geometry, Elements of Practical Plane By 
P. W. Scott . . .... 2 6 

Also in two parts . ... Each 1 0 

Geometry, Test Papers in By W E Paterson, 

MA,BSc 20 

Points Essential to Answers, Is In one book 3 0 

Graphic Statics, Elementary By J. T. Wight, 

AMIMechE 5 0 

Kilograms into Avoirdupois, Table for the 
Conversion of Compiled by Redvers Elder 
On paper . , . . . . .10 

Logarithms for Beginners. By C. N Pickworth, 

Wh.Sc. Fourth Edition 


1 6 




20 pitman’s technical books 

s d 

Logarithms, Five Figure, and Trigonometrical 
Functions By W E. Dommett, A M I.A E , and 
H C Hird, A F.Ae S (Repnnted from Mathe- 
matical Tables) . . . . . .10 

Mathematical Tables By W E Dommett, 

A.M I A E , and H C Hird, A F Ae S . .46 

Mathematics and Drawing, Practical. By 

DaJton Grange . . . . . .26 

With Answers ... . 30 

Mathematics, Engineering Application of By 
W C Bickley, M Sc . . . . .50 

Mathematics, Experimental By G. R Vine, B Sc 

Book I, with Answers . . . .14 

Book II, with Answers . ..14 

Mathematics for Technical Students By 

G E Hall 5 0 

Mathematics, Industrial (Preliminary.) By G. 

W. Stnngfellow . . . . . ,20 

With Answers . ... 2 6 

Mathematics, Introductory By J E Rowe, 

PhD . . . ... 10 6 

Measuring and Manuring Land, and Thatchers' 

Work, Tables for. By J Cullyer Twentieth 
Impression . . . . . .30 

Mechanical Tables. By J Foden . , .20 

Mechanical Engineering Detail Tables. By 
John P. Ross. . . . . .76 

Metalworker's Practical Calculator, The 

By J Matheson .... . 2 0- 

Metric and British System of Weights, Mea^ 

SURES, and Coinage By Dr F. Mollwo Perkin . 3 6 

Metric Conversion Tables By W. E Dommett, 

A.M I A.E 10 

Metric Lengths to Feet and Inches, Table for 
THE Conversion of Compiled by Redvers Elder. 

On paper 1 0 

On cloth, varnished . . . . .20 

Mining Mathematics (Preliminary). By George 

W Stnngfellow .... 16 

With Answers ..... 20 

Quantities and Quantity Taking By W E 

Davis Sixth Edition . . , . .60 
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Reinforced Concrete Members, Simplified 
Methods of Calculating By W N Twelve- 
trees, MIME, AMIEE Second Edition, 
Revised and Enlarged . . . ,50 

Russian Weights and Measures, with their 
British and Metric Equivalents, Tables of 
By Redvers Elder . . .26 

Slide Rule, The By C N Pickworth, Wh.Sc 

Seventeenth Edition, Revised . . . .36 

Slide Rule Its Operations ; and Digit Rules, 

The By A Lovat Higgins, A.M.Inst, C E 
Steel's Tables Compiled by Joseph Steel . 3 

Telegraphy and Telephony, Arithmetic of. 

By T. E Herbert, A M.I E E , and R G de 

Wardt .50 

Textile Calculations By J H Whitwam, B Sc 25 0 

Trigonometry for Engineers, A Primer of By 

W G Dunkley, B Sc (Hons ) . . . ,50 

Trigonometry for Navigating Officers By 
W Percy Winter, B Sc (Hon ), Lond .10 6 

Trigonometry, Practical By Henry Adams, 
MICE, MIME, FSI Third Edition, 
Revised and Enlarged . . . . .50 

Ventilation, Pumping, and Haulage, Mathe- 
matics OF By F Birks . . . . .50 

Workshop Arithmetic, First Steps in By H P 

Green , . . . . . . .10 


MISCELLANEOUS TECHNICAL BOOKS 

Brewing and Malting By J Ross Mackenzie, 

F C S , F R.M S Second Edition . . .86 

Ceramic Industries Pocket Book. By A B 

Searle . . ... 8 6 

Engineering Economics By T H Burnham, 

B Sc Hons. (Lond ), B Com (Lond ), AMI. 

Mech E . . . . . , .10 6 

Engineering Inquiries, Data for. By J. C 
Connan, B Sc, AMIEE, OBE . . .12 6 

Estimating By T H Hargrave . . .76 

Lightning Conductors and Lightning Guards 
By Sir Oliver J Lodge, F R S , LL D , D Sc 
M I E.E . . . 


15 0 


CD CO 
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Music Engraving AND Printing ByWm Gamble 21 0 

Petroleum By Albert Lidgett, Editor of tha 

“ Petroleum Times " Third Edition . . .50 

Printing By H A Maddox . . . .50 

Refractories for Furnaces, Crucibles, etc 
By A B. Searle . . . . . .50 

Refrigeration, Mechanical By Hal Williams, 

M I Mech.E , M I E E., M I Struct E , . 20 0 

Seed Testing By J Stewart Remington , . 10 6 

TECHNICAL DICTIONARY OF ENGINEERING 
AND INDUSTRIAL SCIENCE IN SEVEN 
LANGUAGES: ENGLISH, FRENCH, SPANISH, 
ITALIAN, PORTUGUESE, RUSSIAN, AND 
GERMAN. 

In four vols., ;£8 8s net complete 

Compiled by Ernest Slater, M I E E , MI Mech E , m 
collaboration with leading authonties. 

PITMAN’S TECHNICAL PRIMERS 
Each m foolscap 8vo, cloth, about 120pp., illustrated 2 6 

In each book of the senes the fundamental 
pnnciples of some subdivision of technology 
are treated in a practical manner, providing the 
student with a handy survey of the particular 
branch of technology with which he is con- 
cerned They should prove invaluable to the 
busy practical man who has not the time for 
more elaborate treatises. 

Abrasive Materials By A B Searle. 

A C Protective Systems and Gears. By J. 
Henderson, B Sc , M C., and C. W. Marshall, 

B Sc , A.M I E E 

Belts for Power Transmission. By W. G. 
Dunkley, B Sc (Hons ) 

Boiler Inspection and Maintenance By R. 

Clayton 

Capstan and Automatic Lathes. By Philip 
Gates 

Central Stations, Modern By C. W Marshall, 

B.Sc., A M I E E 

Coal Cutting Machinery, Longwall. By 
G F F Eagar, M.I Mm E 
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Pitman’s Technical Primers — conid 2 6 

Continuous Current Armature Winding. 

By F M Denton, A C G I , A Amer I E E 
Continuous Current Machines, The Testing 
OF. By Charles F Smith, D Sc , M I.E E , 
AMICE 

Cotton Spinning Machinery and Its Uses 
By Wm Scott Taggart, M I Mech E 
Diesel Engine, The By A Orton 
Drop Forging and Drop Stamping By H. 

Hayes 

Electric Cables By F W Mam, A M I E E 
Electric Cranes and Hauling Machines By 
F E Chilton, A M I E E 
Electric Furnace, The By Frank J Moffett, 

B A , M I E E , M Cons E 
Electric Motors, Small By E. T Pamton, 

B Sc , A M I E E 

Electric Power Systems. By Capt W. T 
Taylor, M Inst C E , M I Mech.E 
Electrical Insulation By W S Flight, 
AMIEE 

Electrical Transmission of Energy By W 
M Thornton, OBE,DSc, MIEE 
Electricity in Agriculture By A H Allen, 
MIEE 

Electricity in Steel Works By Wm 
McFarlane, B Sc 

Electrification of Railways, The By H F. 

Trewman, M A 

Electro-Deposition of Copper, The. And its 
Industrial Applications. By Claude W Denny, 
AMIEE. 

Explosives, Manufacture and Uses of By 
R C Farmer, O B E , D Sc , Ph D 
Filtration By T R Wollaston, M I Mech E 
Foundrywork By Ben Shaw and James 
Edgar 

Grinding Machines and Their Uses By Thos 
R Shaw, M I Mech E 

House Decorations and Repairs By Wm 
Prebble 
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Pitman’s Technical Primers — contd 2 6 

Wireless Telegraphy, Continuous Wave. 

By B E G MitteU, A.M I E E 
Wireless Telegraphy, Directive Direction 
and Position Finding, etc. By L. H Walter, 

M A (Cantab ), A M I E E 
X-Rays, Industrial Application of. By P. 

H S Kempton, B Sc (Hons ). 

COMMON COMMODITIES AND 
INDUSTRIES SERIES 

Each book is crown 8vo, cloth, with many 

illustrations, etc. .... * 30 

In each of the handbooks in this senes a par- 
ticular product or industry is treated by an 
expert wnter and practical man of busmess 
Acids, Alkalis, and Salts By G H J Adlam, 

M A , B Sc , F C S 

Alcohol in Commerce and Industry By C. 

Simmonds, OBE,BSc, FIC,FCS 
Aluminium Its Manufacture, Manipulation, and 
Marketmg By George Mortimer, M Inst Met. 
Anthracite By A Leonard Summers 
Asbestos By A Leonard Summers 
Bookbinding Craft and Industry, The By 
T Hamson 

Books From the MS to the Bookseller. By 
J L Young 

Boot and Shoe Industry, The ByJ S Harding. 

Bread and Bread Baking By John Stewart. 
Brushmaker, The By Wm. l6ddier 
Butter and Cheese. By C W. Walker Tisdale, 

F C S., and Jean Jones, B D F D , N D D 
Button Industry, The By W Umte Jones 
Carpets By Reginald S Brmton. 

Clays and Clay Products By Alfred B Searle 
Clocks and Watches By G L Overton. 

Cloths and the Cloth Trade By J A Hunter. 
Clothing Industry, The By B W Poole 
Coal Its Origm, Method of Workmg, and Prep- 
aration for the Market By Francis H Wilson, 

M Inst M E 

Coal Tar By A. R Wames, F.C S , A I Mech E. 
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Common Commodities and Industries Series 3 0 
— contd 

Cocoa and Chocolate Industry, The By A 
W Knapp, B Sc , F I C 

Coffee From Grower to Consumer By B B 
Keable 

Cold Storage and Ice Making By B H. 
Sptmgett. 

Concrete and Reinforced Concrete By W. 

Noble Twelvetrees, MIME, AMIEE 
Copper From the Ore to the Metal. By H. K. 

Picard, M Inst of Min and Met. 

Cordage and Cordage Hemp and Fibres By 
T. Woodhouse and P Kilgour 
Corn Trade, The British By A Barker 
Cotton From the Raw Material to the Finished 
Product By R J Peake. 

Cotton Spinning By A. S Wade. 

Cycle Industry, The By W Grew. 

Drugs in Commerce By J Humphrey, Ph C., 

FJI 

Dyes and Their Application to Textile 
Fabrics By A J Hall. BSc.FIC.FCS 
Electric Lamp Industry, The By G AmclifEe 
Pcrcival 

Electricity By R E Neale, B Sc (Hons). 
Engraving By T W Lascelles 
Explosives, Modern By S I Levy, B A , B Sc., 

FIC 

Fertilizers By H Cave 
Film Industry, The By Davidson Boughey 
Fishing Industry, The By W E Gibbs, D Sc 
Furniture By H E Binstead Second Edition. 

Furs and the Fur Trade. By J C Sachs 
Gas and Gas Making By W H. Y Webber, C.E, 

Glass and Glass Manufacture By P Mason, 
Honours and Medallist vn Glass Manufacture 
Gloves and the Glove Trade By B E Ellis. 

Gold By Benjamin White. 

Gums and Resins Their Occurrence, Properties, 
and Uses. By Ernest J Parry, B Sc , F I.C , 

FC.S 
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Common Commodities and Industries Series 3 0 
——contd 

Incandescent Lighting By S I Le\ y, B A , 

B Sc , F I C 

Ink By C Ainsworth Mitchell. M A , F I C 
Internal Combustion Engines By J Okill, 

MI A.E 

Iron and Steel Their Production and Manu- 
facture By C Hood 
Ironfounding By B. Whiteley 
J UTE Industry, The By T Woodhouse and P 
Kilgour 

Knitted Fabrics By John Chamberlain and 
James H Qmlter 

Lead Including Lead Pigments. By J. A. 
Smythe, Ph D , D.Sc 

Leather. From the Raw Matenal to the Finished 
Product By K J. Adcoch 
Linen From the Field to the Finished Product 
By Alfred S Moore 

Locks and Lock Making By F J Butter 
Match Industry, The. By W H Dixon 
Meat Industry, The By Walter Wood 
Motor Boats By Major F Strickland, M I.E E , 
MIME. 

Motor Industry, The By Horace Wyatt, B A. 

Nickel By F B Howard White, B A 

Oil Power By Sidney H North, A Inst.P.T. 

Oils Animal, Vegetable, Essential, and Mineral. 

By C Amsworth Mitchell. M A , F I C 
Paints and Varnishes By A S Jennings, 
FIBD 

Paper Its History, Sources, and Production 
By Harry A Maddox, S%lver MedcUhst Paper- 
mcfktng Second Edition 

Patent Fuels. By J A Greene and F Mollwo 
Perkin, CBE.PhD.FIC 
Perfumery, Raw Materials of By E J 
Parry. BSc.FIC.FCS 
Photography By William Gamble, F R.P.S. 
Platinum Metals By E A Smith, A R S M , 
M.IMM 

Player Piano, The By D Miller Wilson 
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Pottery By C J. Noke and H J Plant 
Rice By C E Douglas, M I Mech E 
Rubber Production and Utilization of the Ra'W 
Product By C Beadle and H P Stevens, 

M A . Ph D . F I C 
Salt By A F Calvert, F C S, 

Shipbuilding and the Shipbuilding Industry 
By J Mitchell, MINA. 

Silk Its Production and Manufacture By 
Luther Hooper 
Silver By Benjamin White 
Soap Its Composition, Manufacture, and Proper- 
ties By William H Simmons, B Sc. (Lond ), 

FCS 

Sponges. By E J. J Cresswell. 

Starch and Starch Products By H A. 

Auden, D Sc , F C.S. 

Stones and Quarries By J . Allen Howe, 

O B E , B Sc , M Inst Mm and Met 
Straw Hats By H Inwards. 

Sugar Cane and Beet By the late Geo. 
Martineau, C B , and Revised by F C. Eastick, 

M A Fifth Edition 

Sulphur and the Sulphur Industry By 
Harold A Auden, M Sc , D Sc , F.C S 
Talking Machines By Ogilvic Mitchell 
Tea From Grower to Consumer By A 
Ibbetson 

Telegraphy, Telephony, and Wireless By 
Joseph Poole, A M I E E 
Textile Bleaching By Alex B Steven, B Sc 
(Lond ), F I C 

Timber From the Forest to its Use in Commerce 
By W. Bullock Second Edition 
Tin and the Tin Industry By A H Mundcy 
Tobacco From Grower to Smoker By A. E 
Tanner 

Velvet and the Corduroy Industry By J 
Herbert Cooke 
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Wall-paper By G V^Tiiteley Ward, 

Weaving By W. P Crankshaw. 

Wheat and Its Products By Andrew Millar. 

Wine and the Wine Trade By Andr6 L. Simon 
Wool. From the Raw Material to the Fimshed 
Product By J A Hunter. 

Worsted Industry, The By J Dumville and 
S Kershaw. Second Edition 
Zinc and Its Alloys By T E Lones, M A., 

LL D , B Sc 

PITMAN’S » GRAFT-FOR-AXL ” SERIES 

Each in crown 8vo, illustrated . . . net 2 G 

Basketry By Mabel Roffey. 

Design as Applied to Arts and Crafts. By 
F R. Smith 

Flower Making By Violet Brand. 

Gesso By Idalia B Littlejohns 
Glove Making. By I M. Andrews 
Home Upholstery By M Dane 
Leather Work By F R. Smith. 

Metal Work By A. C Horth 
Plywood. By W. B. Little. 

Prints and Patterns. By Idaha B. Littlejohns. 

Raffia Work By Anme L Begg 
Rug Making. By Dorothy Drage 
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The following Catalogues wiU be sent post free, on application — 

Educational, Commercial, Shorthand, Foreign 
Language, and Art 







FROM THE SAME PUBLISHERS 


DEFINITIONS AND FORMULAE 
FOR STUDENTS 

This series of booldets is intended to provide 
engineering students with all necessary defi- 
nitions and formulae in a convenient form 

In four booklets. Each in Pocket Size, about 
32 pp. 6d. net 

DEFINITIONS AND FORMULAE FOR 
STUDENTS— ELECTRICAL 

By Philip Kump, M.So., M I E E , Head of the 
Electrical Engineering DepartmerU of the Regent 
Street Polytechnic. 

DEFINITIONS AND FORMULAE FOR 
STUDENTS— HEAT ENGINES 

By Ahnold Bimmpib, B.Eng , Head of the Mechanical 
Engineering Department^ Derby Technical Oollege 

DEFINITIONS AND FORMULAE FOR 
STUDENTS— APPLIED MECHANICS 

By E. H. Lewitt, B.Sc , A M I Mech E. 

DEFINITIONS AND FORMULAE FOR 
STUDENTS— PRACTICAL MATHEMATICS 

By Louis Toft, M Sc., Head of the MathemaHcal 
Department of the Royal Technical College, Salford, 




PITMAN’S 


TECHNICAL 

DICTIONARY 

OF 

EKGINEEBING AND INDUSTRIAL SCIENCE 

IN SEVEN LANGUAGES 

ENGLISH, FRENCH, SPANISH, ITALIAN 
PORTUGUESE, RUSSIAN, AND GERMAN 

Edited hy 

ERNEST SLATER, M.I.E.E., M.I.Mech.E. 

In Collaboration with Leading Authorities 
The Dictionary is arranged upon the basis of the 
English version. This means that against every 
English term will be found the equivalents m the six 
other languages, together with such annotations as 
may be necessary to show the exact use of the term 
in any or all of the languages 

There is not the slightest doubt that this Dictionary 
will be the essential and standard book of reference m 
its sphere It has been needed for years ”■ — Electrical 
Industries 

" The work should be of the greatest value to all who 
have to deal with specifications, patents, catalogues, etc , 
for use in foreign trade — Bankers* Magamie 

” The work covers extremely well the ground it sets out 
'to cover, and the inclusion of the Portuguese equivalents 
wall be of real value to those who have occasion to make 
technical translations for Portugal, Brazil, or Portuguese 
East Africa — Nature, 

Complete in four volumes, crown 4to, buckram gilt 
£8 8s. net 


Sir Isaac Pitman & Sons, Ltd., Parker St., Kingsway, W.C.2 




